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Abstract 
QIlC of the best waysto.!!'"r"""" lJreMtranN'r lllortality is throngh early dNr<;tio!l, 
X-ray mannn""raphy is widely useo:lw SCr<~ll women with "n increased ri~k of breast 
elUle,'r. Com]>uter lliue<.i d€te<:tiotl (CAD) program' have u..·.m d~V<'I()pol III 1111 dfnr! 
to hoo,,1. efficiency and "",,,me)". but studi",; have ~hown ThaI, the CAD pro!\faJllS 
l'um'lll,lr inll,*,,,rc !lo\ partieuinl'lydf,,<:t ivl'. 
In th is proj<'<'t., " '"'''' CAD algorithm wit/; dcveJo]>OO. T he two maiu ('(lIll l>Oll"uts 
st<'pnsingthcdiscretccoo;inetrl!."sforlll. Tll('f""t"rto;wcl'egel\"rf\!<~lfrollJlIIo"wnts 
of the meall of,;qn ... ", ,,,,,,tiolls tX'1I1<'rrd 011 Ihcorigin of the tnUlbfor Ill. Fcaturc'~lOrs 
W(-,<'lhcnrnn thwugb k_llePJ('SI, IIcighoonralld",l.i", Uay""ian dn.'!Slficrs 
It was fOllnd that the di,...,."u c<"jne !rallsfor", nmkl bt- u"",1 to manually filter 
slIspi<;ion, d Jaradcristies from i"m!':t,,; , j·cal.lml' cxtmdeJ fwml.h,' imagt"; ""m~ fo""d 
to dum!,:c dnullat ically "'h('n" ''''~'<., w,~ illtrodn,",~l i"to the i"'''gI' . U~ilJg a k·",'a .... "'t 
neighbour da.'<.'ifi~r, sc"s;li"iti,,,,!IS liir,li as 98'7, "ith a 8p<'Citinly ufG6% ""'IS ad,iewd 
Wi,h a ""iw B"ycsiru, clllSbifier, """si'i"i!i,,,, "" high 11.< 100% wert· !l.Chi('v,~1 with " 
'l>N'ifi~ily of 64'X. 
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Chapter 1 
Introduction 
Tbefit,( ch"pter of this l h~"isc()llsists ofh""kgrol1!l(\ i l\form~lio" rdat<~l to 110" '''''''''-
""');1"'" l" lIlpm.er Il id,~l d ... 1<'<'I.;on (CAD) "y~t('m dC>'<:iop<><t ill r,h ; ~ 1'1'oj''<'I., S<><-tim. 
\.\ "tnt'''' lh" prohl" '" Jx>ing i)wc:;tiga(ed Il11d the genera l approach t"kel t to soiv(' 
it. Section 1.2 disc\!5&'S )><I>;;C hre&( """lomy Hnd e"''' .• 'r , So,tio" 1.;1 explai"" how 
mammography works, how illlagl'S arc illteq}fet(~I . aud how COlllPU\~rs can L>e ll.Sl:.'(\ to 
aid ill Ihe dctL'Ct iull of {""'~"-'l. &diOl' lA pro\'i<1,,,, "0"''' ",athematica] Imckgrolllld 
on the di,;crete ('OSine transform alld lh" lIIOtueul, aL>ou[ the II \CflU "nd what till'), 
f<'prt'S<'nt . &-ction \ .5 imrodnn" the t,,,, das.,ifien; lJ.><'<..i, k-"""ICht ndghhoul' atld 
nB.ivc Bay&iall. as well as th~ CTc.>o w,lidat;oll pm.x",,; of traiuiug and (,,,tinl« them 
1.1 Objective and approach 
r he ohjet:\ of this work i.< 10 d~\,,'lop ~"d test ~ rompm", ~id .. d dcwctioll met hod 
for x_ray mau" "ography with a high I,·wl of """sitivitr awl sp<. .. ·ificit\· W hole i",age 
CIlMyn;n I. f~'THO])UCTrON 
dlL<sifkatiotl willi", ",cd ill a" effort to avoid tile II false J!O"i!in", I",r illla),;e problem 
from whieh """'V CAD programs ~"jfer. The nowhy of this approarh IS i" the choice 
of feature vcct<)rs. Discrete eo:.ine IrllllsfornlS will be ,,~~l iu ooujuliclioll with II 
nlliqn" ",u llpling lllethod to g"lIera tl'f,'muI'P w'pto,", that cmJ belloof todistillgu ish 
norrnal from abnormal illl !<g"" 
1.2 Breast cancer 
BrelL<t, ranN'r is a seriolls problem for WOll](,I> ill Ca"ad,., It i, the JlJo>t commo" forlll 
of cancer diagn~1 ill W{lmp". with one ill Hille wOll](,1l pXp<'Ctl'<] to b., diagllQ5<'(f wilh 
some forrn of breast callCer in Ihcir li fetilllC, it is >le<:ond on ly to Inng Ca"cer ill ca llCl'r 
r<'I!.r,~1 d,,"tlL.~. \vith iIlclcR8ing l'alf'S{lf hro,,,,t GlIll'Cf diagllOISis. Inort"l it)' I"" 00'11 
ill,kdillc sincethcrnid 19SO!<[ 1, 2] 
Thed('cre'lhCiJ1lJre'''tcallcerl\.SSO<'iat<~j mortajity may l.><"aurihntablc to Sf"'cral 
foctorsfall ing undNthcbroadc,.tegoriesoflrPalllwm allddctl~lion. Bothlll\\"csccn 
siguifiC'"'1 ~,h'fLlW'''' ovcr Ihe pasl ;10 y,'or" <l,,~ I" Ihp vasl amollHl ofn.".-.ard, ill th .. 
fidd, T'h~ HlOISI iml")f\,ant. progllo"tic f/\CIOT in hrp,,-<I ca"",', is the 'tage M which it i, 
diagllo"ed. Call~r~ea.ughl ",lwlltheYllrestili il l Ihppariystug"" I",,·e alllllch higher 
prolmllil ilY of l.><"ing CII"''-] thall Calleers that ha\"\l ll"'I'~<t""i, ... ~1. ScrC('ni llg pr0';ntlllS 
are widely used 10 del<:ct pot'>lllial brel"l cancers . In any ",:n",uing proces ... , t he 
obj~'t:li\"(~ is uOl toohtain a" accuralcdillgllosis.lJlll ratl]('r to ""pfLl"ate the individuals 
wholllaypos..,ilJlyha,,,"callcerfmmlhUICwhodonol from withill Illarb'C]>op" latioll 
ln ordcrforascrc<'ningprogranlI Ou.",ff",-,'iw,ilmuslhllvcahigl,lhronghlHlland 
CH .. \PTER I. lNTnODUCTI01l 
Br('ast canepr serf",ning i"",I"" IHilIlI!llO!;WplJy and oce,.siolLally clinical lJ .... ast 
examination, .).]all), women perform hrea", "df examS. howe"er tlwr<' is " !',Towillg 
H!l.mS ~l.", .,,,fler fwm low ac~ur",-'y sine~ mllny <;all,."rs may ILOt bt> l"'ll,<' or d,,"~ 
('nongh to the s",f",'e to he dd~"t~~l. _\lIti is more ""llsitivc tha" .x-my 'z.], hut is 
c.xpensi,·e and t inw consnmin)\ an" th"rdow !Jot wel l SUi T",,1 to a ",'R", ,,i,,!; I'rogr~m 
X-my mammography a ll ows t h ~ "ph..-tio" ofll"~,,"-'I< that are not, )~,t, palpable, as w{,11 
TI"s , 'a" i", d., ,,, · with )':,~"I",'( ' "u", '" 
high throughput" and rpl ~tivdy low l'iliL making it, ide<!l "" ,.. screening met hod 
AlIllllderstand ingofh,,'ast, l",atolllY is essenti a l toth,,"u('o:So;fu l int,mpretatioll 
uf x-ray mammograms. In women, t he tJI'eMt5 dcv,,]op duri,,!; jllllwn.y lI"del ~hc 
illfluCIICC of ebt rogen. ~I~ lo breast, ~ellerally d~wlop !'OlUe ,"iJar~ol ~ r rlllcts d uri ng 
adol",n," c" , but "ddOlIl form lobul,,, partially c.xpl~i n in~ why breast ca" f'<'( is 
so [are ill lllcn, Figure 1.1 "howsthelllost importamstrndlJres fOll"d ill the fcma le 
orcas( (ha( elm I", S(~'n Oil a m<Ullmogr!l.m 
Earh hr"''''t n",(uins 1\ oom plH ",,,nullary glanrl compobcd of Inan.\' "imple IWll" -
IlWI)· g Ja",l;;. T hegl"n rin lar1.i,;,;ucofthco rc"""t isHlad" ,,pofdllctsand lol.J.L'I<, bl.Ch 
lllc""t C'Ont ai ns a m,,.-ji an of21IactifcrollsdllPl,' wh it:h drain T,o t he Ilipple 181· 1')", 
d"rt.~ Ita. tx)lIlwcted to lol:>f'S m~dc "1' of mallY br,,"chill),; lotJules which eDnhin tlw 
mi lk ",..-rctin),; exocrillc cells. Thp "'Illaillillg "Homal tiss",. eD,,"i,ts mootly of l'0J11j~'C-
t iw ti","C (Cooper 's l ig~lllpnt') ami fat (" uocu t "",OOllS alld rdroll 'ammary mlil'(lOIC) 
CHAPTER 1 
Figure 1.1 : B,,,, ,,,,t ",mtoIllY: 1 
nippi,,- 5. an~}lH, 6. dnct~, 7. 
Blood i" snppliro to I.]", hre,.,;t.; through the internal thoracic lnteml thoracic, 
posterior intercosta\. subs<:;apular, and thoracodorsal arteries and drl'ins through the 
"xi llary, int<'rcootaL ... ,,] illt "rIll'1 thomcic wi!ls [9j. I3I0od,"""",-,lsarcofkll\'isil"le in 
m!\nll n~ram~. They ar" ,"H"etilJl~" l-akif",d. but tili" is a hclli~l filldillg 
Brt'"st.s !\re hill't prai l'lld ar.: gmcraJly lo""tL~j Loet,,-een tile ch,,-ide ,,,,,I eighth 
rib, " " d Loelw""'1l th" "t~mlllll ~lL<1 t he mi<iaxilla,y liue . ollperficia i to lh" pe<:ton,li~ 
major . Wh"" imaging tI", brellst with lIlalJlmogrl'ph~r can' , ,,,,,t bc taken to reduP<' 
the impacl, of th" ' l<'ighho"ring ch~ .. t wall aud to include ti "~l'" l'COU]J(j th" latera] 
lllargillof thcl"-'dora]islllajorlllll,dc[6j 
nlC tcnll brea,,;t. caUl",r rdcn; tu a large group of ""!l{,,,n;origllliltiug in (h~ hrc ... ~t 
CIIAPTER I . I NTRODUCTIOS 
w;lh lllallY d;lfe,c,,1 histol>alhologicII11)']>cs. IUI1l31lJlnogral'hr, th ... pritll~l)' ~onc<'rn" 
an" ductal and lohula, ca,pinotll ... ~. Not only a,,, II",.,., the []lo.;t commOll forms of 
h,,'asl. ~m[('''r. T.h,'Y occur d,~,p ill the giaudular ti,;suc of the bl'e""L whe,e phy";eal 
d langC>' are ~encrally d;llknlt to det"ct through "isual ins]lff!.ion or palpal;o" ill the 
an) ductal carcino",a ;[Hilu and 5% are in".,;i>'e lohuliu carrin",,,,,,, (10]. 
III addilion (Q th(' hislo]whoIOlO' of br<'asl canc.,n;, they are furtllrT s\lhdivid,~1 
ac.wrdinl': 10 Ihe 1""""UC<) or ahsencc of th'L't! receptors_ Eslro!',;"" """'ptor ]Xlbitive 
(dL~ grow ill tll(, presence of e>trog('ll and may h" trcatL'<.l witiL druglS that citl,," 
(I I]. Pro~!lSt ""lIL" rL'<:cptur" block transcr;ptiolL LIL ,I""" prog''''t<'rolle is I'r,.,;o 'IIL Pro. 
&,,,,"'roIlC "~'''plor 1'<,.;;1;"" cancers grow ["qer in Ih~ pl'~"jl'" of progC>.t('ron(' ) I]. 
Hu",a" epidermal growth foctor rCttp(Q1' 2 (HERt) is "r'-'-"'ptor tyrco;iTw kin,.."" in-
Iluellcing cell growlh and diffp,,'ut;atimL. Wlwu it is OWl' Hpn"'-.... ~I , ;t n", Ie,..! to 
;ua .. as..'<.l cdl prolifpratioll_ HER2 pI .. it ;"" call~crs at'(' often T.rpat",] with tl,,' drug 
Ikrc"'pt;" (12] . While manllnography is ~hl .. 1.0 dct~'<:t the prf'S('nc<, of STIch GIlK'l'r.. 
hi01";;"'; Ilmst t", ,,,,rfonned to aclually phar",;I .. r;,., thelll 
r lLe two moot import""t risk factors of dcvdoping br~ast eLmrer Itre fmUftle sex 
~nd age_ WOlllP" a,,' ronghly 100 t;m& more likely to df'""lop hreList ca"c,-,r thall llH'll. 
1\S "'"OIlWTl ag.:, tl", "han",,,, of d .. ""lopill)!; br"a"t callcer steadily illcr"u.;e. Allllual risk 
of b .... ""I, cLln,..,r incfl''''''''''' w;lh each j",ar of age (tabl ... LI) 
There are a "Ullllwr of factors that cLin )e"d 10 a great('r ri~k of dc,-e]oping breMt 
CItAI'TEIl I, INTilODUCTION 
Table 1.1: Risk of breast ,-allcer II<.'r year by flge decadc (13). As a "'Oflliln Ilges. hrr 
chan<X'>iofdcn·lopingbrefl.S(c!ll(cereachyear inef('~ 
Age HlIug.! Aunual Ilisk Ammalllisk (%) 
W-29 0,0,,/1000 0.005 
30-39 0.4/1000 
'[()'-I9 1.[,/1000 0,1<16 
2.7/1000 0,273 
3.8/1000 
\lQ<;]. llotably. Il l>ersollal or a family hi,lOryofbl'ea.-,] orO\'<lfillnellncc r 
generally imlicalC:! I!.II increfl.~~1 d"'''N' of d,',-doping hre'~~t caneer [14[, Several 
g""es haw h .. ",,, idpntified I hat. Inak~ ~n illdividllal milch more '\lsc"l)(ibl~ to hre""t 
CflllC<:'r. In l)I1rticular. BnCAI ruu[ BnCA2, Iwo lumor sHppr<=ion geuu; have bl..," 
shown IOgread}' iuerca,."thcri,kofbrefl.Sl e""l..,r ill wOlllencIlrryiu&amlltalioll in 
eitlwr of ,hese gene>;. Lifetime ri"k of de,'eloping lorefl.S( cm,cer for Womell carrying 
BIl:CA mllllllious is 82 % [15]. Women with" high risk of br"'~'1 CIlII",'r II,ay hll"e 
fUldilioll"II':sti!lgO\lISidpofllor"'III:;c .... ~'!lillglH""''''ogTll]lhr. This IIllly ind",\P,uore 
fre<:]uellt JlIlllilluograrlls. starting al ayoIIllgeragciuadditioll 10/l1il J Ilndultrlll;ouud 
B,..,ast cancer is ,tflge<:[ wilh Ih.:! '1'.\'/11 (tumor. node. 1lI11SS) syswm T. lhe ,iz(' of 
1Iwprilllarytlllllor,isgrade<:IIISTO(1l0Iumor). TX (l'\,idl'IlCCofa tll",or, bl,t cannot 
be found ). Tis (tumOT i.~ ill St(,,). or Tl.T4, with T.I being Ihe largest, Lymph uode 
inmlwmcnt is gr",kd "-~ NX (nod"! caunOl he mca.,;u,,~I). or N()':-I3. Fiually. ~IO 
indicatffl thl' cane<:>r ha.-, nOl l"el"";la.,izC'll. "'II lIIeans it h,.,;. And 'IX n"~m~~ it is 
lInkno"'1I ifit ha_'III<'Iru;tasin~!ornol [16]. Thcscfaclol1lareool"biue<:1 f.odetermi"" 
a stllg'l for tl><'<'fl,,('('r. Slagp 0 indicate>; a non im">l.~i ... .' Cflneer in which Ihe tumor i~ 
CUA I'Tlm I, INTHODl!Cl' jON 
highly loca liwd and thprpi,)J",'videIKeof it in\'>\ding lwarhytiShlle, Stage I is'''' 
II il" lic"wS ]Ylllph HUd"iHYOI""tI"'lJT '''HI/,,'·T.l1 lr LOl'si;<, 'ofup Sla),:I' 1I1 
indiG,te,; that the cauter ha:; i n\'ad,~1 fmther Ina has not yN, H",vc,t",izeJ. Final ly 
"t age IV indicate:; the Cal\'~'r h,,-, lll<'taolasi1.ro t.o di,t.am. orl\all~. most com,,,,,,,]y 
IXln~ , Ii""" hmi ll , or ]Ull~ [17[. Fh-c y~nr ""vi",] of th()Se strog'''' for dud.al and 
lubular c;lIciuomas a,...lIf''{ for st,af';" O. 87A for stag" L 75% for otag;e 11. 4t.i<;{ for 
higher the dmllC('of sun' i,'aL Thi, is II", rational for lIsing ",,,,,,,,,,,,,,,,phic SCr<:<'" in)l 
1.3 Mammography 
X·ray IIHlImJlography ha81o"~ I"",,, d,e subjL'<.:t uffi~rc~ debate as to it s effieRcy_ Di!· 
rt'Commendations pl'rio.lieally d,a.nge . llCCQ)mllPtl(I"lioll" gClJerall.l' wiry frOlIl once a 
y~n r '(ilrt. i "f( i n Ihel,,1.c:I( .... to not at nil . I'roponcnt."of fIl",!uent and ,'arly",a""uo-
gr>t.ms claim th"t thi, j,; th~ au]y way 10 enid, eouu-,"Ib whi le th .. y arc "ti ll cll""h]~ , .. ud 
th"t th~ only r""so" uot to do this is economic . While 0Plxm,'llI., '1U""tiUIl the va]"e 
inkn-ention" in cases that mi)lhl, u,,,-er ix-U>Ule ,ymp1.",,,,,,.k. While th .. va.lidity of 
eithcr uf th~"e ,ugulllent.8 is not. the subjed of th is r"""",ch, t he Canfl(linn Br"""t 
Cau("\'[ Fou" dati on rl'Con",,,,,,ds regular ;(;reen ill~ l)l't"~"'!l the age;; of:;(1 ,md G9 )91 
TI",,,,u;t imporlautl'olJsideration in dde!"miniu!; the besl, pOShihlc >cr~'€n i "g in-
CIIM'TEII I. INTR.oOI;C'J'lO:>I 
l.<:'rva l forlUUllUllography istl",me!!.llsojollrnl.im"thal !!.Oll""" wi ll l'''"l1UI clImhl,. 
[6], This isth" !I.I"ollm.of t im('('xp«:t<,(j tob<> b.,twPen thp [)Oint wl",n !!.p!!.I ,,,,'rJ.,.,-
comes large enough to be detected with malIJluography a.nd when it is too "d .. anced 
to he nm~L In order for .",repni" g to I", pffN'ti w it must h<- repeated at inten',J , 
shorwr t.han the mean sojourn time, Unfortunately. this Hlrit'S widely. BreMt Ol.ncers 
",nally )',TOW ["sk, in wonwn yo, mgpr than ::.0. This i8 why wh,>n mmmnogr"phy is 
rl"-"Olll",emhl for ilLd ividllals nndpr ~n 50. it, nmy h" at, yearly iuwn"l". whe,e '''' 
im!i"idm.lsover:iOlllay!x>once('\·erytwoyears[W] 
A mam mography unit consists of three "ital rom]JOl lem s T he x-my tll l,., g<'n('r-
a!c" low ellcrgy x-rays th!!.1 arc fihen~1 a'Tordiu~ to th" dell";!y am.! thickllL"S>; of the 
bl'",,,,t to p,m'id,> x-ray photOllS in l.h("egion of thpslwcnmll that will p,m'ideg""d 
rontrMtintitert'Sultingiumge,s..'Colldly, therelllu"tbeplatl'!l.wlJicharetran.sparent 
to x-rays. to l'Ompr~"," th" bI",,_~t amI k(~,p it "~ill duriu!!, imaging. Thirdly, thene must 
h.,adcwdorl,ocltpt.HrPlhr im!\ge . It, eltn cithprI", ~fillll, or adi!!,i!aldCl"ice 
X-rays are a form of electromagnetic radiation ",ith "",,",'I,>nglhs in the rau!',,, of 
10 ' m _ 10 "m. Th('ycan be cllfIract('ri<ed as high pnergy (h!l.l"d) or low "n''')~y (""ft) 
x-rays. III mamHlography. ""fteI x-ray" arC lJ.S("(] loecn use th~i r limitf'd ""n"I,ration 
n-'»lllto ill hi)';h"r ",ntrast in "oft li""1Ie. At the appropriat.e wa\·el~Jlgth rang(', photons 
areal>&:>rl.>od ,md >!('attered by""mc iJre""tt.is>;u<:salid nOT iJyotlw,." 
T he x-rlty Inl", is 11 \11.('11 11111 wI,., Wil,h and cnlh"de at one cud ",ud a rotating 
~",ode at the other. Eledrm]S are liI,.,ral<~ 1 fWIll the cathode throngh thermion ic 
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the ~n()(lp. the d,,.1,olll; !',,,ucnote x-ray photon" th,ough brellJ&;trahlnng ""'] x-ray 
flno,e>;t:c,,~c. Urellls:;trahlung (hraki ngr"'''''liou) (}()("urs,,"h~n ~n d".:lron l'iL'>S(."Sdose 
"nclgyi.<·o",'crl~-dtoapIiOlona.',howninligure 1.2 [22)_ Brcmsslrahlungforllls tl L< 
<'OlLjiunoH" spectrum, i]j{licat~-d in fig" ... • 1.1. X-ray n llores<"enc~ ocellI>; ",h<'11 ~ high 
energyphotun knock,IIud,..-tfOufrolllanill1wrorbit.al ofauatollli!ltilc"node. The 
hol~<T<'llt edin th<, illncrorhit"J is <juicklyfillNIby a"drttton from atl o\llcr orbital 
alld a photon is rel"l1.<;('() 1'.< it ilion'S to the 1ov.w cncrgy ~talc as ,ho,,"n in li!',ure 
LJ [21 ). X-rllY HUOrt""'-'CUCl' is ~ qU~ntll"j prot.'<= and <:'''al'''' a dist:rt'll' Clni"sion 
Figu." 1.2: As the k;n~tic "'''''K}' 
an "tomic !md.-us, 
1:Irpm""t,,,hll"',,. 
• 
is Jo,;t through int""'''lio]] with 
is emitted , This is <:allf'(1 
The IUlode is ,mgh] ,;o that the cmiuf'(] mdiatioll is di.<:<;IHI towards II window 
FiJterscanbepl~ inl1"'wi]]d()"'toalt;orbr",halio]] thatisnot i nlhed(",ired 
range, to redllee eJ<l>osure. [}(>n.;<>r Rnd/or thicker breast,~ ""Ini,e more ~nl"j(eli<: 
x-rays to l)f'nClmt~theb,,,a.'l 
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Fig ure 1.3: When a" electro" is losl frOIll RIl i"""r orhi! R!. higl"'r ,'""rg'>· ,,1""lr01~~ 
tnmsili"" dowli !o fill II ... hoi, · "wi ,"mil" 1.1101011 wilh Ii ... ,"",·r)(}· 
<'Ii ffPT<:Ilc{'. T his is cRlIed ftuor<"S(;eJl~e . huage from [2~[ 
/"'--
X_ray phOI.Dns inleract with the brea"t ti",uc pr imarily ill twO way". In Compton 
S<;II.Ueri"R. some of the photon energy is al>surbcJ by an ('lcctron, cf<usillg it 1<) ' <'<"Oil . 
fli id tllen'Stisrd"rn.c<.I,,,,,dl",,r;\(I~~1 phololla!.mlllllgl"O=w·cco.; ( 1 - ~) to 
th"oriRilllll phol.On [25] . Sine<" til .. phOI.D1l8 IIfC scanNed al an angle I.D the incident 
photon. Compton scaTT ering can e!lll": blurring of (he in,ag{'. In tile phO(ocioctric 
"ff("C;t the photoll i. l"OlIlpletdr absorl .. ~1 by an ,·](-etroll causing it to I", ej~'Ct~~1 froUl 
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the "tom [26]. This ollllrilmu", 10 1h,' .,)mrp'1<1"1< or Ihe imaR'" "illt"" all ~I:o;orool ph .... 
ton ,,-illnol , ,,,,d, the l.a'R<'I .. \\'hil'l both pro",,,,,,,,,, playa rol" in photon aUe",,,,!ioll 
In order to obtain the b.,,;t ima~,,,, pcw;ibk. t he b,.c,..,b Ill l,,;t oc oolllpft'S>('(i dur ing 
the imflgi ll g pr()("<'<S.S. Typically 1.1", h",II..'('; a,,' eo1 ll["'''''''' ) with a fort'" of l()'20 Ibs 
(401-89 N) up to 45 It.; (200 .':)[6]. :-:ot ouly doe; th is hold th" b"'I~,t still am) out 
from th" d"",t wall while th,. illl"R" i" heing takell. but also illcrelL'>eS til" ""rfae<> " ' "'' 
" lid decre ..... ", the thick",,,,,. Sinet! x-ray Illmlllll<>graphy produce; projection im".'l''''' 
illrrelLo;e.rlsurf""",,,refl,,'Su]tsinl{':S.,,,w·rlapofti,,,u,,,, ill the breast IImking it {''''Si{'r 
to det er",i" " "'ht"re Oil" structllre {,tHis and flllother h"Ri lls . T he d~'("re~ in dfedi\"!.· 
Th",,, ar" two m!l.in type., of IllmllllLOI!,Ti'phi,. x-my <It"t,'("!or.' pmT<'ntly in """; fi lm, 
alld digit,,1. In filt" ~llH!>Chine". tll<' image is ('aptllr~.,j Oil a pho'OS<'llsitiw fi lm 
I", .o;<;allll!~1 inl.O fl ''''''p"ter for more cullvelliellt storag" ""d Illlllly~is. Digital lIIal1l · 
l ll'~rflill ",achinCb are more modem ami CXI)('llSi\"p . Th"y mptm e tI", it"ag" with Il 
CCD st'llstlf Illld "tore images dirrttly "II a COlllpm."r. Digital ",all llilogralll.~ liS<" 0" 
!"""ag", 12"'{ I,,,,, radiatioll )7[, awl ha"e grt'atcr COm.fI~,t" Digital mawlllogramti 
br"lI..,t" ;Uld thOb{' uuder age 50 [281 
III a typical mammographi .. ,'xam, t,,~) i""lgcs arC taken for ,'" eh )''''''''t The 
"lL~liol"t"ral oblique ('\ ILO) \'iew i" through the ,i<l" of l.h" br"""t aughl [);.mlld 10 
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IhCjx,<;tofl!.li~"'ajor.solh»1 bre""llissuenleudiuglatcralloth("uHL'lCl<:andiutoth(' 
axilla Cal l 1)(' viewed witholl1 ob;tmelion [6[, Cfflnioc»udai (CC) vi('ws fln> straighl 
dowu throngh tlo(' top of Ihe bre""l, The two "iews are taken becau,.. SOme featu"", 
arr vi,ib]e in one "iew aud not a!lothef . It also pro"idus the radiologisl willi a way of 
,-iSHaliling tlo(' 3D struclure of Ihe ]'['("<\.,t fromlhe proj<.'<:t,~l imllg(.."<. and l",;ali,jug 
fluyabllorrualiliusfouud. 
ordrr to <1efin'> Iii""" Iwo ler"" , we nHJ.>t 1irst deliuc fouf mor,', ,\ tme pot;itiw 
is whell a t(»;1 eorR~·t ly id"mifi"" a positiw resu lt . ,\ falS(' I'c",itiw is "'hell a (Cl>( 
innlrreetlyrNnl'll, a )(k;i(i"'rtosult, A trnenegatiwis whctlalt'slcorr('<;tlridcnl ltic:! 
"""KIlti\'(' re.;ult. A fa]seIIcgat;veis when" test iueofft,<;tlyret.ll"L~,,"egatin' "",nIt 
Sensitivity is It tlIcllsnni ofloow well fl t""t can detect ])(I!;itinos: thr.t is, individuals 
whn IC.,I ])(k;iliw for SOmc {'()udition. It is ddiu"d "'. lhc lllllnb"f of tme po,itiw~ 
divided by the actu"l1Hnllhc, of j ..... itin" .,;;,; , Speeitieity i., a ""~"''''''' of how wdl 
a t,,,tcall delt"-'t iudi"iduflls who a«' """ali\'(' fOf SOHl(, "ondilioH, IT i,detill,~1 "" the 
muuberoftrtleu(ogutivcsdi,-i,hlhylh,>tOlal munb<'rofaetuaUy ' '''guti\l) ind ividurus 
;;!f",- !naperfl"-1 test,SC((Silivityan<isl'"eitieilywilli>othb<' 100";". I.(',,~thfln ]00% 
SI'n~iti"it)' Can tuean t lo:.t so((,,, individuals willI""", ,k];,.\,~1 t"'al,,,ent mId therefor" 
pO(lr~r prognot;'" Les.. than lOO'Ai ~pe<:ificit)' can )))e~n that SO"W individn~ls will 
begi",((,,,,m'<:<""';h'yt,,,,titlg»nd/ or treattnent, Whileueitheroftitcsesitwl1iolll;are 
ideal, in Ihee"' ... ' of ",a)))",ogr~]>hy. more importanCl: is pb.ced Oil high sensitivity 
than high ' lX"-'ificil)" as low ""IL,ilivily ca" di.""lly lead 10 i""r"",.,....! mOrTality 
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1.3.1 Mammogra m interpret ation 
.'10 Ilw tter t he skill of thn radiok'l';i.,t. thpn' willalw"y,; be cm,c-ers n,is...<e<:i that, in 
retra.;p.)ct, wt:rc "isible 011 t he Illanlluognllll . T il" "~Cl1fa,.y rate vari,,, widdy. III 
a HtuUY of 209 radiologists betwwn .Jall uary L W93 and Dt.<:embt:r 31. 2'000. c""h 
read ing an avcraK" of 60 11 ,lau,,"ogmJU~_ had a mean sensit ivity of 77"10 wi th I!. 
rauge of 29% to 97"'10. Specificity rang{'([ from 71% to !19'10 with an 8\"(nge of 9(f1o 
[29], Higher Sl){'('ifi~ity h"" [)('('n shown to correlate with Illor" np{'ri~lw'>. There L" a 
sigllificartt iucrel\Se ill Sl)('('ifi~itl· wil h ",or" Ih,,,, 2.~ yea,,; of experi.'ucp vs [""" than 
10, m,d illt erpretillg mOre than 250) maulJuogra,ns [wr year ,.,; k.,.. Ih,," 750 [29] 
I'c.;iti ,,,, pre.lictivc H'Ii ue hf\.~ b<:.<>n l lleMur<.~l at 3·1% hi)';her for radiolog iHI," r{'iIIl ill~ 
over 2'000 IlUII lllllogrum,; ]J<:r }'l:ar rotll WU'e.l to th""" r!'ading bctWL"'JI 480 and (if1<J 
)' larlllllograms ar", typically read by Oil" or two radiologist.>; . Th",,- are ",allY 
d,)fefcm strakgieH "",([ for doubi{' rea<i iugs. Anywhere from all i1tlaKf'>; 10 only a 
wry "",all porti"n Illay l.>e double read. The second read er lIIay or may nOI, l.>e aware 
10 Ihe ontmn,... of thc first rcadillg, ActioTl Hlay I", uk"" h,1h(X1 011 a COIlS('''S''~ 
bet ,,·(,(," r,..j i ol fll\i.~ts, or on thc recoll ll llc]J(iatioli of eithp, radiologist alone , Doubl<.' 
wilh <iou bl" r"Min!!;S is t hat tlwy ca" also sigllitil'allt ly incrM"" "O>\S which ",~y, ill 
,;onwell. ...... , ",,,iw ",,,,,,, ,,og,.,,ph)" 10= ,lCrtS';ible (6] 
i\ la"""ogra phy is an ('X<:'l,lIellt tool for d"t.,~,tillg "bllormalili,)S. 80-85~ of Cmll"'fS 
call I", """" w'ilh ~~"'y [:l l ]. It is "ot. howen", "",([ ill ,!laki"R a definitive diag".,..'; 
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Sp.,.jfkity for dislingni<hing I><'tw<'e" benigll "ud maligJlant ksio ns is typically aronnd 
60%[3-1[. 
~ lm"n"~r1"ns a,,' g"IlPral ly Ilrrangp<:] for viewing hy placillg lpft and right i, ,,"8<'S 
",'XI to "Heh ot hpr SO that t hey app(';)[ "" mirrot' iumgcs , This allows th(' md iologist 
toea"i!y as,,,,,,, for as),,,,, ,,,,!.ri,..; . Ifpr""ious imagcsa rc a\"ai labl ... they will usually be 
plaro.l aloa"e the enn eut oues So th'" th<) rad iol,~isl ("anl~~"'" for all)" change< in th<) 
1>H'ast..sillc~t.hplfl.<t~r .... '\. Tlwlltlwradiolo!,;!>t <'aJl",,,reh fortn!lSS<'S,ca1cificllti<JIl', 
or Ilrd,i!(,<;,nral distOrlions t hat may indicillc cancer 
~1 a&lCS can be categorized accordi)]),; to their shape aud margills. S]"'I)C!j Clllt l.>e 
roHud, oval. 10LndatL~L or irr"""htr, Tlwir Illllr"ius cau hI.' eircuillscribul, ohsc",,~l 
Uli<T<>-lobnlaled. ill-dcfinf'\l, or ,pi("n l "t.t~\. ,., ,hown in fignr~ 1.5. T lwy ("a ll 1>1' wry 
Architectural distortiou8 lire cam .. xl hy <k'hmopl"otic reactiorl~ (abnorllml growth 
of fihrous or POm"~'I i\"C ti"""e) . Whi le thq' ar .. someli",~'h the result of Imro"il .... 
pr()('ffi.~ 5,wh fI.~ scar t.issu", tlwy fir .. often!. ~igll of malignflncy [38). Th,'y I",,'" II", 
ap),,'an')l "" of ti,;"u" l.eillg pnlled irr to""\l'd fI<'~"tral J>Oiut as Sf'('n in fig\l)'l' ) .7 
~Ic.n. bre""t, h~w aI, lc""t one c,.kificat.ion. Calcificat i"u, c,." I", foml<~l from 
<'Cllul"r ",",,"n,tiOIl" or u,,,"r,,,,i". T hey cau ),,' [o"ud iu hrea,,;t ti,;,;ue or o u the ,ki ll 
Therl.' fir<' !;<",('ral ditf .. r .. "t type" of cfllcifications. ,<;ome arc usually b"ui!;" m,d bOme 
iudi{'at ... ",alig"flncy. Th", J3If{A OS grolll'" cillcification~ into II ... {'al.egori,,,.: 'Io)"picall) 
I)('nign', 'int .. rmffi iat .. <'OIl<'ert'" 'higher probabi lilY of mfllignancy'. Siz,", "h"I><', ""d 
distribution {'an pro" i<l(' d",," fI.~ If) t it .. origin of a calcificalion. In """eral, larg .. , 
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. ' igure 1.5: CIl"c~ro,," m8.'<.o;cs call loa\'e IIlhlly diff,'rent app.'arIlIlCNI . A ""1I11,]e of 
fin' ty~ of CallN'TOlI>I 1II1\sst-'S is ~h()Vo'1l lwre. a ) Cirl'tllll""rihcd. b) 
oi..>s.:ured . c) lIlicm-lolmlatcd. d) ill·d~fill.-..:l. and e) SI,icu\lIt.-..:1. lmag''S 
frOIIl [35). 
""m~ different typ'-" of ,'~kifi~ations 
Tl",first mallll"ogralllll"WlIallT<'C,·jvt><provid,'S"franlPofrefereun·lhat,'anhe 
<,on 'pM .... I .... ith""h"e']"ellt lImllll"ogra'"s. By <'ompmi"gcllrr<:I>t in".I':'''' .... ith th~of 
the patiellt fro1ll t\\"Oorlllor<'y .. arsago. it ise""icrtoappr.-..::ia"'anychall gffl thht have 
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Fig ure 1.6: Canttrous ""L",.csarcsolllclilll('Scasyto.';pol, blltoflcn are not. TIl<' 
fi rst imag<' shows a wry ol,,·io01s ttlass, tltc Sl'<'olld ,hows a ~lIb(le one 
[36,37) 
Figurc 1.7: An ar<:hite<:tural diSTOrtioll is showtt in thi" im,,!:,' This ;'; wtlletittle:s 
an indicIltorof malignmKY [35] 
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occurred in the breast in the il lkn",ning li lIJ~ , Generally. as ti ,,,.: goc; on, br~asls 
becon,e less radiopaque, Any change.; , hould he carefully l\8St'SS('(] to determine if 
th~')' 11m "uspicions_ Usillg old('T scal\S tllRk{'S it l>oosi hl" to SI~· if "ny Iln"~~ of li,.,ue 
IlfP growing and pot.:nt ially cancerou,; t h i~ I",,, l><,""u ,ho,,'n to signifi('llutly i" <'fPIIS(' 
rewlingatturocJ [39]. 
1.3 .2 Co m puter aided dotection 
o,nlJm1.<'r " i,hl detection is" tool Il radiologiST, <'Iln u"" to ,,,,,ist ill the dd~"Ctiou of 
"Imorllla! pathology in m'1lical images_ It is oft.:" \15('(\ pith" r 10 r"lllllO) or Ill tgltl<'lIt 
double readiugs. COlllputers <IrC Ilhle to rapidly ruml)'w the large amou nt of dnta in 
a " ,,~lica! imllRP and draw the radiologist's a11.:nt ion to any imago'/ regi" "" that mil) 
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require alt"ntioll. Th"y are abi" to do dlis by uliii7,ing machin,> l.-arning and l~.tt<"ru 
rt.'cusnitioll to malch "" iumgc being l""I~~il{) kno"'" patt~rn" of di""'''" ... ' 
OJ[" of the Illost COIlllllon appiicatiollS of C.l,D i~ in mm"lI"~mphy, ill ,ml"r for 
"lly computer aided detectioll Ilwt.hod to I", """,1 Oil a 1I1aIllluogmlll. it IIIUS1, 00 in 
>l di):i!,ai fonll "!.. wlH"llJo'r " .... 'allll,,1 fit", or digital ' ''U'' '' ''''h'Tm" . \" "",1'1\- all CAD 
programs do r<>gion of iHl .. "",I, (ROI) analy"i". wh"re images are di,'idcd into >lI.-'Clions 
and IlrfflC scctiOtlS are tesh'([ for ahnormalili<ll<, \\'h"ll abllon"aJities ~r~ dNecl,vL 
they are marked for tile radioiogi,t's I"('\'i,,"·. The prohl"m with this lH('lhOl! is that 
many m0r~ ohjl'l't, arf' markf'<i thou, lh,·r .. are >1L>pil'ious arellS POl. SpI'I'iti .. iti~,>, arc 
ofterrci tooasa nUU1\x>roffal,;ppooiti\l.'l I"'rr"" ... ·. Havingsudlalr ill:h mnnl)('rofnre"s 
that nXI"i .... a radiulu;:i"t's attention may slow the pro",,,," of rcad iug a ITlIlmmogfRm 
in add ition to biasi ng \ Il<.' rlldiologi~! , W "n"'~"'''''Jily call back mOH' PI,t;""l.s Ihall 
th"y ordinarily ":OHld 
A ~ommon prnhlpm with CAD is a ,hght inc""""", in ;en,ili,·il}" but sign;ficant 
d<:erea.ow in sl><'<'ifirily. Rc .... 'llrch hy Joolllm Fl'Htull It"" shown a siglli!i .. ant dl'crcas<' 
in sp<:eiticil,y from 90.2% to lii.::>"10 with \ \.>C of CAD programs and "" signif,e,utt 
increase in sensi t ivity [411 . 1'hprc i~ a wid., ,,,riatiull ill the reporl~vll"'rforlHmK'C 
of CAD wftwarc, Th" actllal performance of 11 CAD program r"'I,S largely "n the 
radiologi"t uoillg th" program, It is also imporla"t "o1 10 make til" llS>\lmplion t.hal 
the CAD programs rel'ie"'e<1 are repr('>l('nt~Ii\"l.' of all CAD programs, David Gur <'t, 
al. shmVlv[ a "tati"litally ,ignifi"allt diff(·re",.., in tl", llCC"fH<")' of IWO pom"'erri~lly 
a,.,.ilablc CAD Syst"HlS [101 
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crete W8.wJet tra n~fo.m [42[ . Using Ihis nlcth"d, he ",as able to ru:hi<>w """. p"d~d 
f1"M"d for furt her rc\-iew, the md iulugbt must st ill as.""" til<' image a lld dete ... " i"e 
1.4 Mathematics 
1.4.1 D iscre t e cosine trailsform 
The (wi lle traw;[orr fl j, a tr .o< li fi~Rt ioll of t he Fourier tmH~furm, i" ",hid, ollly the 
('(",illC krm i" c,,",idcIL~1. It decompooe; "Wit\'(' illl<> it~ component C<)t' illf' wa"," aad 
plots the " mplil.l1d,,,,,ftl,,-,,,,-,wa\'cs iu fr<:quencyspar,'. Clllike the i'our ier Tmnsfonll, 
the d i..crete <'osine tmlls form (OCT) is real ",I ll(~l, ami hence OUT.plll.s nll ly magnitude 
informar ionandnotpha",' 
rhe OCT i~ uS<'<\ \\'h~n I.hNC ",e a ti!lite !luH .ber Olf dMa poi!lts in 
are eight variant< Olfl.h<> d i""rctecooine trnnsform. Forl,hc pllf]>U>eofth iswnrk,olliy 
th" f"u" Illoot C'OIH!uOll ( I, II. JJ! , "nd IV) wcr" u"'-~I (<'(Ination 1.1 [431J 
VeT !,,,. = "I2 (~+ ~u,ws ("("- 1)(8-l)) + ( _I )' l Un ) l.l) \'TI 1 2 r_' " 1 2 
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(1.'1) 
DCT II i, the Ill",,1 colllliloul.l' use.1 variant. Unless OTherwise sl".::ifi~~L the term 
DCT ,.pfp.,. t.n DCT II. Th,' vah l~'b "f v, 1m' ('odlkiem. of a ('osinp h1\.,i, [nun i,," 
aud are plotted in frequency ~l~. Each wa'~ in Ihe h'l1'is function is orthogonal, 
fOl1uill" a li ll<'>!.l'iy ill<iq)('u,I,'w , .. , '1 [H[. Th,' fj"1, n~'f!i('i"1l1 ill II I<' DCT II 1l'aus[orlu 
(~ = I) will always be 1/01 t::. ll<r- It i~ lUI ",wag" of sorts alld i~ c"lhl 110" 
DC codliciCllt. The otiJercoeHicieuts (s > 1) are cal1e<1 lhp AC coeftideuts [45. 44[ 
In the transform. Ihe DC p()('fliciPHt "'pre.';<'uts" wll,taut '·alne, WhN" liS til<' AC 
TIl<.' OCT rail "asily t)(' ,·xtt'll,hl illto higher dimellSiol l". Th .. 2D-Dcr JJ nall;;-
form is ddilled ill t~!u"1ioll \." [43]. This al\o"·s \l~ 1.0 I.ak" the tran~forr " of a two 
dimellsional array "f <ial,a , ~neh as all ima)l,(·. Tlw bnsis funcliOIl' iff the two di-
rrreusional case can t)<' deri\'('d ~imply hy sllperimpu;ing horizontally "lid ,wliea1l) 
oriented h ... -ili; funetion" OJ( a grid. ]ff Ih~ IWo di'''~nsion~1 l ran,forlu. the ~·od!icient" 
a", milppol to ZD frL~lue"C}' Splice where ef\Ch point. ",,,,,o;l"'''ds 10 one of the 2D 
h'lIii~ fUl'~tioll~ 
( 1.5) 
A simpi" way of r"knlillillg the ZD DCT is to do one dimen,i""al tmU"fOrrnH for 
each rov.'. then "'peat for eoch coluHlIl . In practi,"". ~ill~c ~'q"atioll 1.5 is symm<'tric 
IIml sel)Mahle. rnalrix multiplication fan he lL ... ~1 to mpidly ealeul"tp 110" Imn"formll-
tion. The trau"[,,,-matioJ( matrix of au N x N imilg" call )", calculated frolll L'<tu"tion 
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I_G . Thml tl", nan,forn, is ~illlpJy T = A/A [46 .• 1-1] 
(\.6) 
The OG'T s"1m",uo; the oolupollellts of " n im,«c a"cordill!'. t-o ffl~i\'~ "'"Y High 
fr"'1uen~y rhllrarteri~(iCli. slIdl as 'Illan poi,,(s wi th sharplxlglo; arc 11l~pp.~1 to the 
outer regioll~ofthe tl'~nsform. whil" low freqllcllcy featuresslich as largc objocts with 
Mnooth .-..tg<''' aru Ill"ppot to the iuner portion oftl,,, tr;uc~forlll , The OCT tI,uH'foH' 
"'I 'anl( '"" II ... di1f"r,,"t t V1""; • ,f (l1.j.,-!., ill ,'u i ""'I~' 
The OCT exh i bi (,~" high d"gr~'" of euergy compact ion. T hib mellnS that " LU"~,' 
proportion of th" information stowd in" ~ignal is r"prcscllloo in the lower fr('(luency 
eo.:llicicuu< orthe lr"n~f..,Tt" [4~] . It. i, (,his ]lwperty (ba t make<; OCT a popnl!..rrhoice 
for dat-acotupressiotl. and is a motivatinl', f,.ctor in the featll,,','xtr;.ctioulllethod 
,h .. ;rih(~1 in dmptcr 2 
I.iKclh"Fomi,'rtransforlll,thecosinetn\l"forn, is a lo.;slcso; operoli on. The trans-
forn, rontaius th{,SIIIllP aUloll"t ofdatll<lS lheorigin~1 signal a",1 for each tra"sform 
there exists 1m inw~N(' tran~for'" that "all be ,.,;cd to r{'O)"8trn~t th" original signal 
The inwlbC of OCT I is itself, the ill\"1'n;c of OCT II is DCl' III and "ire '"('!"SiI, I.!'" 
in",,,,,, of OCT IV is it""lf [43, 441. That is, two <X>ll""""ti,,c OCT I o[ OCT IV 
trm'S[OfIllS m·mlt ill the origin,,] sigllOl, Ilnd OCT II followoo loy DCT III O[ vi("(' wrsa 
1"(~"lts in Ihe original ~ignal. A" with the t r ... "for"" the i",·enso.' trm,~foflll Call a\,;o 
he cakulakd with nWll'ix ,,,,,It iplication "s;ng the ('(tllation / = A-ITA I, whl're 
A I dellO!l'stltein,"('rselllatrixofthetr",..,formalion UlAUix. Si",,, A isorthO!:onal. 
it.:,; ill\"1'rstl is s;"'ply its transp""" 
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1.4.2 Central mOluc n LS 
The", ,.,." [om ~tatistieal IIlClIMlrffi IIS('(I ill r~lIturp general ion ill this work 
\1lrianC(', skew",,,;;;, ,,11<1 kurt{)bis, They are derinlOJ from th" '~"Itral nloruellts flbou t 
th" mea.l. The ce!ltralIllO()lpnt~ "hom II ... m,,,,,, are calco lat.ed from '~IH"ti()n 1,7 
[471. \\'h~re I'" is t hp ,,'" ,",'Htral "'OlJl~m. (J) is the exp""t"tio" val"". I'( =- 1'',) is 
th" ,,",'mi. ,,,,d P(.c) is the probability dCll,it}" [HlWlioll of.c 
I'n = ((.c - (r))") (1,7) 
'" f:(J-l'tP(J')tI.r (1,8) 
~1"aJl i" simply the tota l of fI list of llllllll,.,,, divid~'<.! by thp lllllllhcr of itell's in 
the Ii"t ('~l""ti()" 1.9). 
(1.9) 
T llP """""d ""IIl",,,t 1'1 is called \'ari,,"(."('. Th~ posili"" squaw rOOI of \1l.r;"uc<) is 
Ihe stfliidard dcviation. (1 ('~luatioJl 1.10). Standard <ic" ;"ti",, ",,,a.;urCS 100'" nlllch 1\ 
point ill the data set Cfln 1>1' e:<p<.><:1.c<1 to ,](ovia\" from the ",p,m. Low "II\I,d"rd de,"i-
"tiou iudieatl,!; that datfl i~ c!USlPr"d about Ih" lIle,,", while high standard de"iation 
mcm,s tlLeoPI>osite 
(1.10) 
Skewlll'SS is den"",\ "S dw third s/"",I",dw,,j centra] mOlllent. rhell'''SMn-
d"rdi,cd celllral moment is simply til(' fl'" ",,,,nal moment di,·id,~1 by the st,mdard 
d""iatiou to the power of" ("'IIiRtion 1.11) (47J. It (JI{'I\.Sure> tlL .. -,yulI"ctr), of a 
distribution. A symmN,r;c, disuiimlioJl will Ita,"\) a skewne"s of '",0, Di~tributi()1~~ 
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"kCWl~1 to tl ... ldt of til(' III"a .. will h,,,"e "''gati''e ~kewn,.,., and disTribH!iO"~ sk,,\\,~1 
to the right will hm-e pOoltivc skew",,,,,, as showll III figllre l.!l 
(1 .11) 
Negatl'lleSkew Posltl'llf!Skew 
Kllrt""i~ i~ ddinf'(1 fI.<; tlw fourth ,tsudanlizl'(lcelltrai m,,!)wm ('(I"ation LIZ) (41] . 
Kurtosis is the measure of how llllleh the gtandMu deviation i~ duf' to infr<;'(IUf'n~ IIlfge 
deviatiolls aud hO\\' llHlCh is UIlC to sman frl'(lllellt dcviatioll8. [)i8triblltion~ "'it1o high 
kurtosis tClld to hav.c sharp IK"'1u< Illld IOllg Illils. whi lc di>,\ ributiolJS with low kltrtOllis 
arc more roumhl allll havc,hort ta.ilsas~howuillfigllre LIO 
K= ( t~fi~I\~'~I~/:)'-3 (1.12) 
1.5 Classification 
1I iachine Icaru ing is a branch of computer .-cicllcc where algorithms &r~' lIS('() that 
mlow a ""mpllter t.o ,'xtract relf'vant data from t)!lttf'fn~ and lise thllt dlltll to makr' 
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Figure 1.\0: Knrt .... is of !IOlile conlinon fnnetio", . Sharper points ha\"{~ greater knr-
t06is.llIlllgefrom[49] 
inwllip;t'!lt decisions. It is e;peci,dly u.seful in sit n"ti",," where paU"f1L~ lIlay be \'<'r)" 
complex and nol. f"'lOihle for a h\l ",an tode",lopinslf1,ptio,,"fore\·eryp(h~iblesitll-
"lion, or even ~ognize the pa!lem,. In II", CI''''' of da.ssificMioll . the de<:i_ioll wonld 
1l<' l.owh"t da.;s (he data \l<'\on"". 
COlllpmer lemning falls ","kr Iwo brOfl(\ cat<'gori,,,, ; sn!)ervi&~ 1 ami lUlSllp<.'rvL-;",\ 
]<'aming. Unsnpervised learning is n"'-'<i when thpre i" lLoclass dATa a,."i1"lJle for " 
dala set. In lhis easeohjccts are Pilflitiouoo so as t.o 1.a;1 d Ubler tile da!a. SlIp.:r-
\·i>lcd learning is uSl'd in situations ,,·here Ihere is some Sillllple data available with 
"pproprial "de<:il;io1l8thMcallbe usedasalrainiu~;ct 
Classifi<',softcll op.,raIC in l.wopha",->s. ·I'hptraining ph"""'i.< wher<" tli<'rplalioll-
"itiph,"!",,,,,,, ttlta in feat llros and Oli tCOIH(>; is dcterHlined and optillli~!. Thi, i, 
oftell"lollp;and ""OHlputatio"allyillleU"i\·epr~.Theoperating phase is ,,·h<'ll the 
training dal.a i, put tOlll>Ctoclas.-;ifYI!."ohjcct. This is llsually lIluchquicker 
P..-ibly the lI10!;t importRnt rompOll~!l1 of .. cl"",ifil'alicm roulllle is tI", feature 
"CCt.oT. Th" feature ""ctor is a. S<'t of sclllar qllantities Ihal ,b;cril.oe all obj~-.::t. Th~ 
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choice of II. fealnre wcwr i.~ "ital to II", S"'"~S of II. It"«;h i,,,' I,,,.rning algorithm 
The algorith,,~~ wnrk by f'OlnpAring the feat ur~ '>'Clor of a {<",I ohj,'Ct with II""", of 
dru;.<ificAt ioll tAsk, it will fail 
Usually, t Il" initial clloict'ofa feature ,'ector is Hot tlte l;.e,;t 011"_ Som .. r"atu,e" 
may Hot coutribute to theci,\,;oificHliou t"~k or might be llI~d,' r...iundaut by otl"'r 
fcatu,,'ll. Atte",pt ingloda..",ifywlthllll":;<,feHtur""canuotoIlIY~lgllificalltlyincrea..". 
compntatioll t im<' , bnt "All "'Ak<: d .. ",ifi"A1iollS I~ss auumt"_ To llIiti!l."te tlti, prob-
]cm, a f<:>ltllre r...iuctiou ,\<:pshould takeplaee . Agoodfellturereduclionpr{)('(l>.'Swili 
n"!!llit in ftl.';ter icarning duc to leos data, higher accumcy.,.ml h'cttcr geucralizatiol l 
to other data scts [50] . There nrc twoappronch,"!! ofchOOl!illg a felllure ,·,'Ctor from 
tdla\"ai lahlefeaturcs, to]>-dOWIl tUld bottom-lip. T hl' top--d",,'" a]lprot.ch take.; 1\ ,.('C--
tor of all fea tm,'ll ami fetllO\"('ll them O1Ie-by-olle, testing thedl\$ificRiion acrnrlU"y 
at each blep. The bottom-up ~pproach docs the oppc",;te. It ,tarts wilh an enlpl,y 
\,ector'l1ldaddsfellturestoito"ebyoue [50] 
giving a probability. The II.O;>;II!l)ption is lHade that ~n ohj<'Ct that n"~'L" a certa;" 
cril~ria always belongs to a paTtitlllt,r da-s. Soft d!l&;ifi~r8 giw a prohahility of their 
d"",ificAtioll . The a&,\lmpt;on made is that SOllletl!nCS Ol;j~'Ct8 with ,il1lil~r featurf':! 
lllaybdoligtodiff"r~nt dll.""" [;jI J 
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1.5.1 K· llearest ne ighbour classifier 
K-neare"t ndghoour dllo8ificatioll is p.:rfortlll'd br finding Ih~ K n ... arest neighbours 
ito till' feature SP""'" ddin<'<:] hr t h~ feat" ... ' ,""ctor. EadJ Ileighoour vote" on the 
da,,,ifi,,at ion of t.hr nnknown objrn. E"dJ vOle may oc co\lHt~~1 ~'l\lally. or ,nor ... 
priorily may be gin'n to votes of t Il<' ...1"",,,,1 Il('ighhonnl , CIObCllCbb of Ileighwurs ill 
n-space is u,uaUy calculated from the n_dimensional E"did",,,, distmJce Juelric ("2J. 
For "xampk, "ou", may be ""ighu~l by l id "here d is the d isl.anc<' to Ihe ohject ill 
f('a nt r" ~PHce. The optimal choice of K and till' weight.ing funclioll, if aIJ)" depend on 
the data SI't u"",,!. The c,hoi"" of a feat nrc ,..-'Clor is cspecially important wh"n :;m"ll 
K i~ "s<>d dne 10 the rffeHs of f ... atn"", nnrelak~1 to the da"ificatioll task al ha",1 
I(-nrart>st lLeighbour is das:oified as alaz)' Irarn ... r. and ><Ii b,!("h, there io ItO ; "i ti~ 1 
training ph,.".,. La~y leaflletll ha\'e two drawbacks, First. th"y fl"lni", mo", slorage 
"I""'''', silLce all of tIl<' tr~ito i ng ohi<'<'IS 11llL,t I ... ,,,",,il,,l>le cad, tiu,e the c1assifi~r mns 
to rd l'ai lL for c"" h object cI"s"ih~~1 L531 
1.5 .2 Bayesia n cla ss ifier 
Bayes ian Statisti cs 
RAye,;' thoor ... ", S(Jlteo; that for two ,..,I"I<~I <'wnt." A altd il. the proloabihty of A, f:i"~,, 
B. is d('pendent on the pl'obabil itif'8 of ju.,;t .. \. i",'t B. nlld il givCll A according to 
/'(IU"lioll 1.1 3. Where P(AIB) ;, th ... p()f;Wrior prob"hili ty, P(BIA) it; t he likdihood. 
PtA) is tll<' prior probnbi lil,y, ""d P(B) is the ""idellC'C 1M). For om IHtrp<""-"'. 
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I-'QStcrior probability is the probability the obj~d hdou!',h to ,. dabO ba",xl ou it" 
fpm,ure v.,.;tor , Thp likelihood dl\SCribes thp chances that ~n Ohi""! in ~ d ... " ennld 
prooll('C a particular fmture "'.dol. Th~ prior prol'<lbilitj' is thl' probabi lity lhM, 
any object )"'loug,; toa particular da>-s, aud "-'quirl'" a priori kllowledgc aoolll tlw 
diotribut iouof dat ,.. T1H'evid,'uN'normali"""tl", prob"hi litie" ,,0 th,.t t hey "UIH to 
P(AIBl = P(A~~~~IA) (1.13) 
Naive Bayesiall classifier 
infl'renccaml the (ofku iueo"cct.j ;IbOUIuptioll that fcatuwsru:c inJependelltofone 
anolhN. Despite th is l'S8uHll-'t iolL the d~",i fi€r works well on m~ny TVI""" of data [551 
If featur",; wcr" '"'''lln,,~l to 1)(, rd,,!<~i to Oil" auothe, thell Objl-.::t~ would noo:! 10 1:><> 
d"ssili~-d iu u d imensional 'IX'CC, i"'to,,,1 01 ill 1 diuJe]j~i"'Jal opa~~ " times with til<' 
indq>cudeIlec>;;;oumptioll . SinecUlallytim{'l<UlOrCpoilltsarellP('(hltoIVlc'l""t.clj 
cover !l d i!lw!lsions t iwn I dimensio n. iJ-n ad"a !lt ageof th~ ind"I)('ll(i<'IlC"'"'S\llllpl.ioll 
WI1(''''-' n feat llre8 arc "oed. tire probabil ity is "'riUpn as I'(CIF1, F~, .,' . F,, ), wh~re 
Cis th" d",sifi~Rtion and F" is th .. nth fe"tnre in the feat ure ,'ector. WithoU T 
the illtl~ ~lldell~e ","umption tI,,, probability io definL>t\ IJ\' l~!UMion 1. 14, wit h Ihe 
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i"'t~I" .. "dclK" asolllul'lioll ii, call be ,;illlplifil'(t 10 "'lualioll 1.la [a3] 
P(ClF, . .. F.) = P(C)P(FtlClP(F21C. F,) .. .l'(Fn IC. F
" 
F2 • •• . • F .. - I) (I .I~ ) 
T he lll,,,,t ~Ol"'llOll i tlJ pl e"'~ntatioll o( Ihe nai w BRY'."iall d,.,.;ifi~r hiu,; (">ll ure 
sp"",~ in1.oh isl ograllls forc"thcla",ificatioll . \\"heu a f€lllllTC for nil imngei:; t e:;tl'(l. it 
nmui..wroflrainingdata for thai bin in~och histogram i~\lst>dto"" .. krad""o,sific,,t ioll. 
The !lai\"{, Bayesian d,..>;>;iticr is an eagN leamer , "" ,,11 thaT IIced" to b<: takffll frolll 
rl t("trainillg ph~ i8t h~h istogralllforcachd"",",ifie"llOll . Since i("nly lll""\.s to I .... 
trnin,~1 "",,e, it h"" a [a;,1 op.-.rntiona] plm...e 
1.5.3 C ro!;;;-validation 
Cr....,yalidal ioll i$ """,I tol."tima(~howa machi"elearning ... lgllTitl " " ,,·i ll perfllTlll 
WhCll faced wilh unfami liar dut<l. It is int"ndcd to reduce "fro, associaled wit h one 
of illel'i t falls of n",chine lcnrning. wh~rpn hypolhl""io isform('(l l>l""-,,Ioll theSluuc 
d ... t a ,o;<.u(.()tcsli I 15t] 
luK_fold erO!<>'"fIl iJa l.ion rl",dut :. ;sr!l."domiy dividcd into K l'a,l il ioll ';. Dala iu 
OIl<.' pru-t it iollare "..cd to le:st. ,,,,d Ihe ,e lll ain ing pa,t iliollO an.' u,",,,l to Imin. Th i~ 
means that l milli llgd"ta l"uls!Oi..wcal p1lIat<~I K liIllCSl'S"!\I"hpart itiollgt'tSIe:;;tLu 
L<>!I.\.~ on~ om. uo, ... validatioll is th .. Iimit iug eaSC of K.fold where K is Ih,' IlIlllli..>er 
of dllta poinT_' in the ""t. Oue ilililge i, ""t<~1 ilgaiu~( all ol her ",«ilable imago;. This 
is "~p'·ak~1 for each iumg\,. This allow!! llie maxim1lm p • .&iblc uS(' of a""t of dal ... 
iNTlIO[)1 I(..."T ION 
Chapter 2 
Materials and Methods 
l'h is ~hapkr disc\l&;,-" the d""ign of the computeI' aid,'(\ detect ion ~)""''' l. Th" owrall 
approach taken consisted of four Sl'(j uential step"_ Pn'pf()('essing. iu which image.; are 
preplU'C<.l lJ} re,"o\'ing llS(']ess inforlnation ali(I sllIndard;zing ,;Z(\ ''''''']H'ioll. mid bit 
de pth. T'rallsforu,mioll. ill which imagc", are n...,illc transformed 10 arrllng'> image 
dalR hy sl",t ;,,] fr"'ll1~1HT ill IWO dilllf'"siOl~~. F<'all1r1' cxtract ;olJ, ill w'hich fe,,(Ur~ 
S('IS oon,;sting of II small group of ''!llllcs al"{' ca1culate<1 from 11", tmn,forlll for each 
ilJl~ge. Finally dassifi<:"tioll, ill which lnadl;nC i"amillg was uSf'd 10 dll-"sify iml\.I1"" 
by eollll~\ring t hem with jm"ge!; of kllow" pathulogy 
Sect;on 2.] de".eri1>(>; how the mll'j>l lter pr"!;lams were written for thi~ proj''''t 
"ltd how the data was sum~l. Soc!i,,", 2.2 dL""u"",,,, the mfUllJUogfalll imagl'Sooll<;,<,!<><i 
from two "''''''''''' . S.~:l io!l 2.;1 "J(plail~~ adjllstlllem" made to the raw imag~_ Sc<:tion 
2.4 describes ho,,' the DCT wa.-; applied to images and a proof of COllttpt expcrillletlt 
to tOit its " ""fnlne;., SN>tion 2_~ discus:;es how ["atur"" were extracted fron, tloe 
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OCT. Finally. section 2.6 explains how til(' k-lleare.;t neighbour and tIai\'(' Bayesian 
2.1 Progra mming env ironment 
Sincetitis""Orkirl\"OI,·cscolllplexcalcullltiolll; on,,,,y largedataso:ts.i t "'llSlIecessary 
to a1ll0IHate the process by de"doping mmputer program,.. All calculations were 
cl\Iri~..J out Oil a d(',;ktop "'''''pmcr with an Inrel oor,' 2 dno E7200 pr{)("U;!;()r ami 
2 Gll RA)!'J. ProgralHs were dewJopt·d for thi s work ill t,,"O different programming 
"ll\'ironmellrs _ ""iathernAtica. and C++. The bulk of the \\-ork WM dOll(" in )!.lathlL 
nl"ticA for ils large lllllUher of huilt ill functions Alld Ihesp ..... ·,J ~t which !<Cr ip\.S "lin 
be develop .. "L C++ was II",~I in ,;itllalioll" wh'm~ nmning progr",ns in "" Illthclllatica 
wOllld he 100 time consuming. Programs compiled ill C++ t<'lId 1.0 run "mch fliSter 
than [h(N" in)!.IAthemMica.butgellerallytakclongertodevelop 
2.1.1 Database 
All the dlltll gen<'rat<'(] frotn the '":Irious progralllswMston,d iu II r<,]al ionald"t"l,,~ 
l~~iug l>lySQL scrwr a.1. This "uabl{'(1 rapid and eflici<'nt "Ior"-'l<" ami ,etrie,"al of 
dallt. In order 10 hand le ,.mu, of the larg" d" III....,1o; "",~1. Ihe dutabJtsc serw·r had to 
1)<" ronfiguroo 10 IIII0w for larg" data packets. The line ml/.T_~IIQtI!ed..,"'ckd = 100M 
WI\.> ad,k..J to the Illy.ini configuratiou ""ttill!:" ullde, (mysqldj. This allo"'s packers 
"fupto 100 megabytes, "",! pre\"Clltssla,."ko\"Crftowerron< wheu worKmgwith large 
bitmap illlagt."8. 1Iiost 'lllNi'~ ""I"I"(" p('rforlll<,(j using the Oal"b ..... ·Link loolkit for 
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l\]flthemfllicfI. ltwa.~a1so11~rytoincl"('''8(' t h''."i,.coflhel\!lI1!H'!II'''ica.ra\"l!. 
heap iH ord~r to acrommodll1<' til" 1","1':" "'"011ut of datil h<-ing pa" ..... ~i hack ami forth 
from th" dalal"~",,, 
T h .. datahase ~'OHtaillS eight lables: ,m<>.., m"IS_/t"a!m~s. mi(J.S_bm, ""'IS_t..yes, 
dd. ..... dd.'mLjealares. ddsrrLbm, and ddsuLOOYCS rh~"SC taLk." will 1)<' diS<;IL_~l '" 
they Ilre U>l/.'<1 in th" ",,,,tions to follow 
2.2 Data collect ion 
Two tahles. m;as ami ddsm weI"(' cl"('lll!'(i to iocally ~Iore aUlh", raw inlage ,bra. The 
data "tor~~l in the table is "" follow'S 
id: ;\ unique ideHt ifier for ~ar:h image Imag." ar" in right. lelt pairs with right 
imag...-; l)('ing odd nllmhet"Sflnd I",ft l)('in",'",n. 
cltaracte r { mi(l.lt only): Th"dcnsilyoflhebrel'LSta;;d .. terminedhya,adiologisl. 
j (fauy). 9 (fatty-glm,dular).or ,/ (dCtl>l/.~gl'lIId"I",) 
class ( m;alt only) : The cla.-.s of Ih,) ahnormality l\.S df'l"rmi a~~i by a nl(liol,«ist. 
cak (<;Il.lcificatioll). em: (weU-ddined/ circutllscriLed lIlll.."i/;I-'s), s/!ic (SpiCll-
latedtna."'-;I'>;).m"iC(othcr,ill-defi,"ed,nM&'S).arcll(lIrchitel't'lfal ,listOltion), 
asym (a.~ylJlJ"ell'y). or 'I(>nl) (norlllal). 
severity : Th"""ver; tj" of an ab"ormalitj" l'LS,l<:t'~m,;n("d Ly fI radiolog;';t. '" (ma-
lig"antj. b(h('nign),o,,, (normal) 
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imag": Th .. binary of efICh rC~1 image. "eader informalion is not ind"'hl ~in<Xl 
all image;; me P5 PGII\, wi th 1021 by 1021 r"""lutiOIl Ilnd 255 maximum 
gray valli" 
img ... h ""h: A md5lu"h of th,~ ima),;" himuy to I", 1I",~1 as a check Il1l1llbcr to "erify 
tlw ,h\tab""", i, l"\J!l,istem with th,' original PC)'1 fi les 
Data was obtaillOO frolH two publicly a,""iLlble IUllmmographk ilOlage dlltab"."*", 
The digital d"talx~",,, for ""H~'!li!l)'; mam!ll<lgruphy (OUS:\ I) (3(i. 37] lind the mlll\>-
mograph ir image analysis socie1y (~lIAS) database [3~) . Th""" two dlltal »,,,e~ !UP 
extremc]j' u>eful for denJopmellt amI tt~tillg of t"Oml' ut ~r a ided der.pction sd",,,,fl!S 
COIHbi",~1. tllPH' aH' t hon"\l\(l~ of iIH "IlCS a\1I.i1"hle for dowlllowl. All it llagl"S hm'e 
l.>e<:n cardul ly exarninf'(1 by radiologbts sl'eciali7,ing in rn!Ullm<lgraphy, a",1 their 
10w ... '11 for OIewra! years to ensure that ao bUol'iciolls features hl\(ll .. ~'n ", is.",,~1. Both 
du tab"",-" iuciud" "ground t ruth" datu that de;;",ilx" both the type and 1000"tioll of 
almormaliti..; presf'''! in TI", imagl" 
The two <Iat"h""", conT "in i1l\ag,~ "aved in di fferent fOrlllat.>l. with ditfcrcHt lUjolu-
extra challcn~<'" [or aur CAD program. \ \l,ile similar iIlJag~'S with >ligbT diff ... " 'n"",, 
iu illtellsitror ""a1iul: "'''Y lIot<)\1'n IH) 1I0ti"""I>I" W a lllUlla!] reader, the changes 
in dw raW dal" ,,;11 1,.-. Si)l;ll ificanT . Fo\" e"81l\pl~, m""""",, in" 50 micron IIllage may 
appear i6 ti",~" Jar!:er t/UUl nu~ ... """, in a 200 micron i1lJa6'C if th,. pixd re;olution i~ 
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not l~ken illlo !\CconnT_ By I,,,;\i,,& th~ program on illlRges from uitfen:m ""'''ITS, it 
ca" I", Cn"nrL~! that it "'ill be rol)\~~t ('"ongh to handle th{' , ... riations iu imagr,,; from 
nmltipl{' scf"(~'" i "g" i l"" 
All im"&e,, u><Cd iu th is I'L~arch are "toR~1 ;u PG\! format. Tlli< is all ;ma!',.' 
forlllat thM ~loT<'SdRl,a ;u ",-cry {'a,;y \.0 "Cf'(>;h and read llatt crn. TI"'P[,\1\riant of 
PGl>1 "'all used, ",hid, us,", hi"ary cHcoding of the gray map, ComnH.'!lt li]j('!< begin 
of the fileronTain information ahout the imag~: Ih" remainu{'rcontain, the binary 
fortiH'image. The firot line conta ilL'lwocharacters whi,-h identify Ihe typ"of hie it 
is, In th is Cas<' IhrH'd""acten; are Pi>_ 1'111' ""eolld liue cont,ailL~ \,wo nnllll)('fS that 
defi"e thc ",idth and height ofl.l", i",a!',,,. Th{'third linceolltainsotlennmUcr ",hid , 
,kfi ll''S the maxinJUtn gray "11.11", for" pixel . Thp rpst of the lile cm'ta;n" or ,e lJytc 
int<'lL~it y valul>; fol' ('och pixel in the matrix thllt mak,,,; lip the imllg"_ Fi ll''' 'lfe saw,<1 
with a .pgmext,'nsion. 
2.2.1 M IAS d;.I tabase 
r hel>11 !\Srl"tllh"""' COll!;i,tsof32'2)ll('(liolatl'ralobliqueirnagu;(l1Jlldt.rightpHirs) 
with ground tmth data for cflCh O1W_ lma~l'" Me charl\('l,cr;",xl according to detl~ ity 
ciassofabnormalily, m,d these"crity of tlw ah]jonnaJitypres<~nt. Th{,I"l'ar{' 112 dmse 
lO-lglauuular. anrllOOfatt.y irna~~,,;. Among t.h"""imuges. ther<'areZOOllormaL 11",1 
III "nspieio"s (61 !..>enign and 52 Illilliguallt)_ TIl(' SlL~piciolLS i",aw,,; ru-e furtlwr 
brokcll do"",, into 23 imag"" cont~i"ing calcifications_ 23 L"OIItaining cire"",S("ril.",d 
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HIM&'!!, 19 containill/', spiculated IIH.~-;eS. J.I with ill-ddillo:l IIm,;ses, 19 .'ontaillillg 
"r~hite"lural diST,ortious. " lid 1[> Imi", with a.syrnrnpt ri c d'>Il"i!.i",; 
All iHiages h"I'e been .-eahl to ZOO micron fcrohaion, cropped to no l~rger th~n 
102-1 px by 1024 px, m,d pa,l<hl with black to no "Illllllcr thau 102,1 px by 102,1 
px. Thp im~ges "rp san>d in eight bit port"ble gmy ]l 'ap form "t wit,h pix,'1 illt cn"il,y 
ranging froll! 0 to 2:;5. The r(~luced size MId contrast is roughly at the H",it of where 
having an images Ill" Sfllne shape is Ihal Ihey call all be red into Ihe ""m" algorit,hm 
wilhont h""i"g to accon1l1. ror differellt "->1><'<:1 rar iO!< , 102,1 pixel ,~lgo. is ('ollvcllieu! 
1)1<'<111-* it i ~ a I:>ow~r of two, wh idl , illlplifil'l< tlw p<lrt il iouing of ;m8gc, illto dllHl ks 
1021 pixels ,;qu"r~ anri olle byte l)I'r pixd greatly reduC'el the ('oTII]>II1-IItim, u~'C,,,,,,,,)' 
to proce>18 each image as they COllt NIl ouly IIWlllldollC thirtiet h thedat>, Of'1I1 origina l 
imag'~ 
2.2.2 DDSM 
The DDS~I datal",-", i, m1l~h lar&~r than !.h,' ~IlAS, It Wllt";US 2620 c,,,,,,-,,, The 
ca.;o, are p,U't.iti()",~1 illto 4:l ",Inlll"", 11 uorm"l, L~ Gml-"I, 1·1 bcuign, Imd 2 b<:-
jp.:g mammogram in'ages (left atld right c"'niocaudal atld ,,,,~liola!<'fIll oblique), ""e 
oWr\- i~",; pl\m image of tIl<' C","", oue ics fi le m utaiuiug iufoIluatio!] about study dMe. 
I,atie!]t ><g'" deusity. date of digit;,,,tion. t)'l><' of ""a",,,,, u>L~I, image resolution, ~ ;r.ffl. 
;Uld hit dept hs, aud l",t\lw'n r.<'fO and fOlir overlay imap;", indicating the locat io!]" a",1 
Si,A" of 'UlY "!>norm"]; ti ",; . !""'lIes in the DDS,\1 datahase ,wm "'u~h higlwr qua lity 
thall the .\lIAS imag,,, , He,;"],,tiOIl" ",,'re in the ran)';e of ·12 to 50 microlls per pixel, 
"ltd bit depth wa.-; ill the rallge of 12 to I6 hits per pix'" (·1096 to 655J6 gray \'alu('8). 
Normal "ohlmf' I and cancer \'OllIlIIe 1 \\'l're used as Irainiull dala . l'h,~ two 
,"O!tUHe« 1",,'1.· a n)l"bi,,~,,1 tOla[ of 360 illll\g"". "'ith 285 IIUrllll\[ ami iC'> ~\lst>iciollS (C'> 
I .. ·nign and iO ll".lignant) 
l'his datab,~ lu;('S il!!Il),;"" 'I ort~! in Il propri""ar;: mria!!t of the jpeg image format 
Si lln, tJwn' i" no aO<')lI llf'll\ ,ati"I> '''1<i lable to describt> the Illf't hod ",.:xl W ('!l("ode "",I 
comprCSll the imalles , soft"' .... ,· providf!(\ wit h lhe datab ... .,., had Ul b,' rei if!(l \lpO!l to 
ooll,-.:rt the data to a mOTe !"Cad"ble form. Th,' deco"'pn".;ioll program prO\'id~~Il\'ith 
the database was used to d"'-'Ollll>rCS>< and eoll\Trt the ill"'g"" illto I'G~1 (l'5) format 
The problem with these programs. howe\'Cr. is that they have poor cotll[)atibilit}' with 
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rno.;t currently an.ilahl,'ol",rlllingsp;l<'ms 
The softwa .... wa., writt .. n ror Ih .. SIlUOS 5.6 operating system bl" ~1iclliU'1 H"ath ill 
2O(X1 (http:/ / lIIarathon , csee _ ust. edu/MamlIIography/soft\lare/heathullf\_vl. 1. 
O.htllll), The llllJ'St mmpatible op,-' rat ilJg~y'lem availahl .. , Snu OpeuSoh,ris 200') ,00, 
with lega,,), C compiler packagffl in"lallt'(] w~ llsul w compile and nm the ;;oftwaw 
ilia t",,11 ~hdl. This wao nm (IS a virtllal Hlochin~ "" a Windows Xl" Syst<:'Ul using 
SUII Virtual no" ;j , L Th~ program wa., modiJit~1 to ,wap h.'-I"'" from big-cndil"! to 
litt lc-cnd;an formal 10 make the OUlplit files"o"'p"!ihl,, wllh wiudows_ Thesl'illlages 
wer .. much too hug .. t.o he able to perform the [(lO:lui red cakulntious ill a r .. '~'S()n"ble 
1.lIlount of time, .so t l",y ,,,'n' ocal,~1 to matd! the 1\\lAS imag'''', The prograIn "'lIS 
alt<:f(~l to output images in eight bi t gray "..al" with a resolut ion of 200 microns per 
pi~el. 
Onre imag',,; w"n' dowll sampkd to 200 microlls l",r pixel the)' ""('1'1' cropw'" in 
either dimension thill, "x",~~l~ 102·' pixels. Sinc-e illlag<'" an. ",,,ally ~mred on th<) 
fihno, Ii",,, or row, are removed. equally from 1>OI.h ,ides , Thi~ pron~l dkctl\'c ill all 
but a few ima,l(l"l whpr<) tl", breast exCt.'l~led the borders of the iUll\ge. Tht>:;e imagC!< 
""(,[0 discarded_ nime!~,ions with [ebb thiUl IOZ-I pi x~l~ ar" pad'kd with lPro« (black) 
on both sid,,,, of that dimcn,io!, to !link" "p t021 pixel", At th is poi"', all iHlagc:S , .. 1'0 
IOZ·jpixelsS<llIat"(' 
The 005:'11 ha.~ Ihm: main "'[";Ullage>< 0'"('[ the 1\!IAS database It has !!Ior .. 
imag"", it h"" higher resolution illlag<JS, and it h"" eraniocaudal images ill additioll 
to ruooiolateral obliQu~_ Its oil ly dowl~~id" is that it is not nearly as u,;er friendly 
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2.3 Preprocessing 
Preprocessed illl!<gesfrolll Ih,·t"" imag,·<ialnlm..,.," w('rcadd{'(i IOlh(' ""asanddd..,,, 
tal>les. Tw'ocoluTl""w(·"""ldcd toeoch lah[,·. 
proc...image: 1'hp bi llary of "ad( preproc'~""! PGIII illl!<gc 
umit: Whcther or not to nSl' t1te imagp. Either I (omit) orO (do Ilotomit) 
t'hp firsls1.epinlh(' imagecla;;.sificalio"pr~is prcproc~_ing,[n t his.Iept h.' 
gOil l is t<J prod",,,,, sd of image; that ollly ~olJta i n th ... bre,.,;1 li&\le. Other i(ual!t 
variutio" sUIJJ'e!a t-edtopat.hol'lK}'snchasorient "tiontag><.reso[U1.iOIl,i nt e,,"ityrm(,'\,\ 
anothN IhM arc nnrclal~"(l tu the final da.-;.,ifi,'ation should he I"mowd "" ""' to «ot 
i nfl\lcnr"lhrd'~"<hifie" 
The 1"0«1 compli<:llwd .Iep in IiI ... PI<~pr<"-'Cbbillg ~I"I\" is rt'llloval 01 "xtr"n~'Ous 
obj,>c,I_". snd, Ullorielltationlags. [rmH the im!\gcs_ [n order for (1oi$ "1"1' 1o pn:x,V'<1 
a\l l,oHomously. the n)](lputer mllSL Ic<:ugui w ,liifNCnt. discrell' ubj ..,.b in Ihe ;maRc 
be ahl,,1.o de1.",.mine which OIW is the br"ao;t, and rpIllO\~,e\'''rythillg''['''', 
III t he fir~t >tel'. intensily val"", are binned into a hj~lugrarn with billS for crueh 
ofllie'2a6 intcllsily ",[ncs (figme2_2_ Tlwdistrihutionoflhehistugralllf<>rIl"""UlC>-
J(ram imag'''' is roughly hil!lo<l"l with a Shl"P p.,nk for "'>ry luw ,-a[ues CO"CSI>o«{lillg 
to the hackgro(lnd. and a broad penk lor Ih ... briJ(hter foreground. Usiug Ihib hL-;-
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togmm. R " n off poim was dlO"":Il. "bo"e "'hkh, vai n"" were ~oll,iuNt'<J foregronnd. 
thphaekgronndalldfore)';wulJ{l. hut), breast s yiplddim i,,,,,),;C!; with a lllilch Im.lier 
border betwet'n th e hark~r<mlld a!J(i forL;;ro ' llld 
Count 
m '" PIXel Intensity 
Fig ure 2.2: l"'''''''yh ,,~g,"m 
Four algorithm~ WCH" ll.«~1 W lillu lhre,), ol<l vRillP,' ~lld the results w~rp vis"ally 
grOIlll(j . T hp rugorit,hms lL,,~i were Otsu's algori thm . Kap"r'" mt'lhod, llH'ill" half 
meall , and 1.hp Kin lnr-Ill ingwnrth minimum error th rf'Sholdill ll method [5G). Ii"al('" 
With background and forrgronmi pixels ""parated, ba<'kgrolllld w""' "SOligne<i a 
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The uext "wI' w...,; to ""I"'rate ami quau\i{y t he forcgroullu obj('("t.s. T hp imag" 
'''''' rll.>t,Fr >'("ann,~1 to li nd riisti ll el wh it~ "",g'!l~nT' alcmg~~~h l itl~ ()ft.h~ image. When 
~ whitp pi"p1 Wfl.< ~nCO\lm~n'd it was lL"sign...-l ~ 'HlHlt..-r and all ",ljal.'l'llt white pixds 
on that l i n~ Wf',",' .... "I5ig"ed the &ln1(' numller . WI",n a bla~k pi"d w,~, C'KouIl\eml 
1,h~ ll \lm""r was incrementoo and the prOCffi:3 comilHl(,(] whpn I h~ nf'XI whit" pixel 
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in "lI£h line ",);mcut was tCble<:l to dpt{'rmin" if il neighWurl'd a pix,'1 of anolhel line 
of lllldir{'O;tro gmph,.; with ~~lg('S drawil betwl'l''' ""ighb"nriug segment~. 1'1", larg'''t 
the nooC'll of the h<rgr;;1 "Taph were ,~iglJed a \'ahl<.' of mJC and all oth"r pixds were 
assigned a ,-al"" of ,eIO. The llooMnard prod"". of the mask and tlo" original image 
w'"' laken to ]Iroouee a lim.] image rom"ill illg only th" rde,-am breaot li,;sue 
Figure 2.4: A graph reprf!S('nt"tion of the white line segments makillg "p an imag" 
Each while li T'" ,,;"gmrnt is a node in Ihe graph. Adjac.:1lI segments 
arc joiued by edges. The fonr mnnectoo graph~ corrcs]>Olld 10 the four 
()bj~'t-ts visible in Fi~lr" 2.3. Th" largt'><t l>elong~ to the hlea.,. lis>;u{' 
Finally. left f,u;ing imilg<'S were ilwert<x1 hOfiwutally to prod""" mirrol image.l 
>0 that tnry all fll£,~1 the ~allle dircdion. It '''''''' arhitrnrily chOO'1l Ih,,1 "Il irnag('S 
~ho\l l d fnN' right" To determine the oriell tation of th" images, left and right hOld<'rs 
of tIlt: br~,,",I, WNT fon"d hy f"ster "-',ulIlill~ each linp from left to right, with tIl<' 1i",1 
11011 wro pixel lying on the I"ft bonkI ,uld the last non 7.PIO pixel lying 011 the right 
horder. l'h,,,... l ~fl. and right hordels were then fit to 8 wrtica.l line. The bordpr with 
Ill<' !,..".I fit was Oil Ihe ~he"l wall side_ IIIl "g~ WiTh the eht'S1 ,,",,11 on the right ,ide 
Figure 2.5: The UlMk ~hown on tile lefl is till' remit of rcmoving ... 11 hnt Ihe brgcst 
object frolll tile binary image in FiguI"I'Z.3. O,wlayingtl",nll.sk wilh 
tileorigiuttl irllag('lca\"(~onlythen:gionofin!<' .. )St"howlloll thenght 
Orr lyl1reilCtualloreasttissller('r"ajus iu Thein,a!:,> 
Whil" this proc't"Sb workl~1 extremely wi'll. it w," limitt..-J loy tile quality of the input 
images. imuge" that were Ollt of fm",,' , had m"Crlapping taw;. or o(\,rr arfifi>ei" ,,"Cn) 
discarded. This skI' ""lIS perfonn{'(t m"'mally by <li'p)',ying m,d ~pot dlt~kirrg all 
i",a!:,)S for any ahnormalili,)S. Sinn' imugC>l only n~llIir~~1 II lorid glllrrcc- to dNNmin<) 
whether Or nol the pf(·prO<.~""ing program was slIcccs>;ful. slX't c),('('kiug <),,,,h on .. w ... ~ 
not a tillle oollsulrrirrg ta;;k. ITllab'<'S tl",t ""Cre !lor proP"riy p .. ~proccs,;ol we,e gi",n 
a "altreof I ill dleolllil rohurrnoflheirrC>lK'Cti'·edllfaha.""iabl,' 
2.3.1 C hest wall 
Tl",che>;l. wali isa prorniuI'nt, I,orr l),'lfhological. f .. aturpin nllunm'>gram" lhat ("1)uld 
potentially mislead ~"()"'Pllter "id~~1 detedion programs. Early "tI(,lIlpl~ al. n>mO"ing 
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che;t wall from malllmog""" illlagffl ill\'ol\,oo <)(I),;e detection a"d ",noot hin)';meth-
ods to fihN tlw ~I,,:">t wall while I~al'lllg the ulld~rlyillg soft tissue. wf,pre caIK,'rs 
arC sometimes found, rdati,,)ly lllldj,;tllro.xL It. h<m"lSl.'r. prt)n~1 to be exceedingly 
diflicll111 0fU,hicwmllsi,(cttl rt'Sultsoll all imageswilhout sollwlnUllBllinlHlt. Even 
with hUlIIBIl ill)!U(, i( was difficult to deterllline lhl.' boundary of the dll'St w~1I on 
SCll"l.' imagc:s M shown in Ii!',llre 2.6. &'Cause of tit",", oh,;tades, a discrete ch~"lt wall 
Figure 2.6, Thp ch<l»t wall has bc,," r""lol'cd, ,.-il l. soft li",,"C ,;t ;1I \·i,ilol". '1'1", 
blood n . ,;,;el,; and otherooft tis.;ueow'rlappin),; wi t h thcdl('>;t wall arc 
II ntch e",;ier tos/~, in the St."(;olld itllagl.'. Edgc dctcetio" "'orke<:1 poorly 
illth i,;examplewh"",thchordcrofdlechc:;t wall is fuzzy 
2.4 Transformation 
FOllr fields ,,'cr" ~ddl~lto til(> ",illS and ddsm tnhll'S. 
,--------------------
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d et l: Th" d i.",cw n",j"" t m",;form I of ,'ad, pn'pf(K~"",. 1 ;11"'1\<' wpres" llt l' ] 'I,'; a 
ilWlting po int 
dct2: The disn~te l..."jllC tnmoforIu II of "ach prepn_,,-,esscd image rcprffi€llloo as 
"n",ning pointarray 
det:.! : Th,' discn' t<' ro;i ne tr~n.;;form IJI of <loch 1''''l'n""",,,,,d im~" [qm,,;cntcd ~\b 
R ftO~t.illg poillt ,,,ray 
d ct4: l'he di:s<:rete<:Olline transform IVofeach preproce;Sf'd i nH'),;" "'pn""'Il!<.'] ,.., 
a fjoatillg l~,i ut. army. 
Prepmces>;('d image data from the da(Rb,,<;<> WI'''' impo,1.<'! illto :\]a\ h"lllati~a as 
I02~ hy I O~M armys. 20 Dis<:rete Cooinctransforrns (I, II , lIl, and IV) '"'''' p"rformcd 
on all preprocessed images using the built in F01Jricr!)CT f""Clioll as !i(' ('1l ill fi);'lW 
2.7. T heDeI' jma:.\,-," ,,,,re th(,ll s"v,,] w the "!la" da~"ha,;e ",,32I>i1 fioatingpoint 
2.4.1 Filtering 
To test t.he potpnti,,1 dli~ ""y of ext.mPTinp; H",lul I~Mnrcs Irom the disnetc CO,iH~ 
traH"for[]J, a proof of conC'l'pt expNimcm. WiC' I"'rl()rlll(~t. Thb invohu l w .. itiug " 
.\Iathelllat.ic" ""ripl, thaT allowP<J r~gjQn s of a n CT 1.0 II<' ",' I ()('!<~ I "nd extmd~~1. Tlw 
ex ttocl.Dd r~~iu]j of DCT wOHld thcn be jm'eroc trm.,;lurIlK,1 ami the rt'Mll ting i"'''gp 
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ori gin.l im,,)(c Wilh SOllIe ~harac,eri stics ~mJlh!l..,iz~'<.! awl ot h ~rs f('mo\'l~l entirely (fig-
ure2,8, Th~abilityto"lirlpthrollgh tht·uifferent colll])I)lJellt.of,," illl"!'." a"'-"<)fuil ,g 
tofr<.-'(I'WnCY'l)ldrullllllaye,'eIl ml<knt hi,lllLseflil tool inalJ(] of itself. 
2.5 Feature extraction 
l'hetabl", m;a.,_jmlw,"sanu dd""l-jNl l""""",,,erecreat<'ri1.0 ",,,,tailLall thefcat llle>< 
gener><t<'ri from th" DCT tr3llsforllls . Th" d"ta "tored in rh,' table i~ as foil"",,,, 
lid: A I1m'l"~ idmt.ifj,.,,- for cal'll image. "IRl.che, images ill this table w the OIlPS in m14s""ddd.,,,, 
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v ie w ( ddsm u nly) : TIoe view of tlo .. "'a"''''08''''''. FitloN ,\fLO or Cc. 
d ct Lurigin - dct4 ..k urt I O..ab~: Each of!.lw 321 f"at,n"", gcn" ... ted ill the fca-
tureextroctiollst"p 
The next step in the process inl"Oked the generation of feature '"flewrs for each 
illlllg'" Tlw g,'",'rm srrllt<'gy Iwre w!'>; to l>artition the OCT in\<) blocb 11]1{1 perfor'" 
~tatil;tic"l calcnlatiolls Oil th""" yidding " list of s"alar quantit iL"" for em:h image 
Ideally. SOme of lhL"SC qU~Jltjtics would be uscful ill the detL'Ction of cancer 
It W'II< dL"(;idL~1 that th" data would h" pmtiti()",~1 ",;cording to distallc-e frou l the 
(}filli ll "" M In S<'para t(' f('awrt'S according to frequency. ThcTf' W<"Tf' t"u m"I.hod, 
Fig ure 2.8: St'"""uS!.Ols of" program wrillell \0 \..,,\ the df<'<'ts of r"mo,-illg por· 
tions of the DCT iruag('. The sliders at th", top ,m' ll,,~l to ,,,,,,ow 
lowf!"('(]uenc)" rov.·s and colnnm,; , Tit", ir"'erS('I,,ansfofm imag,>i, Ih,:n 
dispIIlY,'<I . Filtering part.> of the OCT for II normal imag" e,,,,so:s SOIll" 
eharacIPri,li"" ofthp imllgP to IX' ,el llo'-f'd and olhp", to l""'Il.phasi~A~1. 
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ronsi<iPf('d for p"'titionin!', the dat" in th(' DCT im")\,,,;. The fir,t method t('.<t~~t was 
toll""("()nC<"ntri"'I"arterri llg,;C('nJfl~lonth,'oriKin. This sccmoo like a good choice, 
sillCf'" the disJ"n("f' fling<' ofpoiut," from th('origin would I ~,cull,;ta"t in "IIY di ... ~:tio" 
Ho",,,,"er there were SO"'(' t<:elmi"al prohl"u,,; with thi~ mrt,hod t hilt oc""r,,-~I for '"Ny 
10\\' amI ,'ery high [Mlueney datil , At the low fIL~I"ency end, narrow rin!l,b with" "cry 
At high fMlucney. dw omermo,;t ring wonld ha,'e to h"'"e " ('"nwl interior border 
but ""'ina,cextcrior, makillg this region radirally<iiffcr<"llt from thert."r. 1..<1",1-"--.1 
lolocks wer(' chosen lJ<JCa"S(' tl,..y ",,,,,pIe in a lIIuch mor<' uniform way asfr<~I''''''') 
space is tr",wsed 
OIlC<J the "hapc of the blo('ks],ad l)('('ndc<;id,~L it w"""L'O:lSSlIry tod"termillc all 
appropriate size for each one. As explaim~l ill ",-",tioll 1.4.1. th", DCT exhibit.-; a high 
<io:grr<'of('llprgY=lllpA<"tioll. SillC<'1l large portion ofthp imal':ndatll ill"uco<hldOO!<, 
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a 102~ by 102,1 mat ri x, th<:rp will lJp t<:'11 bloc~s which ~p",ll Ih~ followillg ff()q\l<'llcy 
rallgl'l;. moc~ l; 1-2, block 2: 3-4, block 3: 5-8, bJoc~ 4: 9-16, bloc~ 5: 17-32, block 
6: 33-&1. hlo(;k i : r~'i-I28, block 8: 129-256, block 9: 2,~7-512, block 10: 513-1024. 
Til..",., hlO<'ks are label",) in figure 2.9. [n addit ion 10 these blO<'h, tlop origill (DC 
eoef!id"mjwa8al>OIlSt:<i. 
The I)!l.rtition ing was done for e,"eh of the four [)CT~ . Ab<olmo m ill,"; of tho 
tl'all~for lils were also used in addition to the four or iginal lrall~f()rnk:S _ Thi" mak,Ol 
a total of "ight tmll,form images for each malll!\lU'6nulJ image. rol' efl('h of Ih~ len 
blocks in ""eh of thn eight OCT i","11'''' the f"ur ~tat;';tic.'li 'lualltities, ' \lean, ~Ian -
danl d{'viatioll . sk{'wnes>;, ami k\lrt~i~ "we caiculalro giv ing" total of 320 fmturcs 
Fill"lIy, Ihe int"",itic" of th" four DC cocllieicllts werc adde<:l to the fp"ulfP ",,1.< 
Sin"., th" DC cocffi,'i.,m is always positive, tlo., absolute value is 1I0t, n .... ""'I"")"_ Thi, 
bring" the total Ilumocr of feat ures mlculatl~1 for each image to 32-1 
2.5.1 Feature reduction 
A hug{' f{,,,ture S<'t wOlild make ,;ollie of thp following calculations .,xt['('n ,e1y corn-
pUlatio"ally imf'"siw. This 1""",,,,(,>; "'1l<'Cially prohkmatie when we con~id<:r thflt 
<'ombmat io!!" of feat ure,; will I", used in the da.,sifi.,n;, For exarnpl,' , if ou(' ff'atnre is 
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\l",-~I ill a cho.&;ifier, there willlH.' 321 d...,.~ificr< 10 le.,t for (',..d, cla&;ification ".::hcmc 
Combini"" two featurcs. we get ,,2362 colllhiJll\tions. Tben- am 5 616 32·1 combi-
ll fltioilS ofth,,,,, fpfltn"",, an Ih" way np to 1.51 ./0"" combinat ions of 182 (,-m,Ila,.; 
T,,,;t i,,,,; all combi""tious of 324 fe"tuf<"; would loe compntM.iona.lly illfea"ibl(" 
B .. fore 'my exwlJ;;i\'e t.e;,tiug taJl take place. a featll f€ ff'<[nct ioll Stl'p is uece;,;; ll'}'to 
di""a,d nxhmdaut or poor performing f",,[me,;. ' Ib this end. prelimi"ary te,;ts of "inglc 
aud donhlp f~8"trC clas"ifiers were cOlld\lCIL~[ Oil the [Jayesiau d".ssifi .. r d"seril><~[ itt 
section 1.5.2. It 'HIS oho;er .... d Ihat . .';Olll,· f,'ntm,,.; takeu from OCT I_IV prodllc.'~[ Ill"" 
identicfll 'emlls f\ ll d larg,'ly fonnd th" >;.1m .. images suspicious fI!ld Ilom,n!. Sine" tiJl'se 
fe"tures appear to be reduudant. al l hut thp OCT II h,~,,~[ featules wcre di,;cnrded, 
bringillg the rotal fCll tnf(:mnlltdowlltoSI. 
Tlt.::sc UCTs were ch().';Pu for removal from the databC[ e,'en though :!I)Ult' ind i" id-
ual H",,~ining da,;,;ifi"rs perforilled worse tha., some of th .. remo"L~1 das"ifi,·rs. The 
justification for this is thlll Ih,. removed featnn,,; ,ltow a high d,.grffo[ r~"hlllll,,"<'y ill 
the image das.,ificatioll. A featme ill OCT II might a,,;fee Oil %% of th,.ir d...,.,ifi"a-
limo; with the ~"OlTc.,polldjllg featllre il l DCT Ill. Thi, is of little lISC whel> f'Qlllbining 
feawn,.; '" their ~ombillalioll will produce results thill. are only" marginal il<lpl'o\'& 
ment o,'cr u>i ng jll,t Ollt' of tliel ll ,,]one. A poorly performill!> (e"tun' lh," d"""ifi", 
i ll "'~'''''X\lI lpl<'fd \' oliff"" ·,,,. fn n" nlh"r f"~IU"'" will offer" uni'l'''' """ Lhi' Llll i,,,, d ... ""i-
fit'''liOTl. This poorly perforl<liug [e"tIlNe may lH.' "blp 10 pi,.k up the suspicious im'tgl's 
The second tf(,lId IIOted was the poor p('rforma""" of the features c>dClllflt~'(\ from 
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the aLo;olme ,"ah", of the trllllsfortHS. In general, "Lo;olnte \";llnc featun,,; did "ot 
perform M well as their rouuterparts. lluC,.usc of t ili", "hsolute vahlu fcatun,,; were 
a\;;o discarded. bringing t l,,' tot"J fcntllT!' n",,,her down to nlllOfe """"lgcahl" 41 
41 fpa t1ll"cs can be wlllbi llCd ill oct" uf ["'0 ill 820 ways. ~Uld ill sets of thrt'C ill 
10660 way". This is " Inr)!;>' n~lnction from (he originnl s.'t nnd m~kCN <"''''hinillg 
Each of the 4J fmtlln"S w,\8 a8Sign~~1 a ",,,noc'I to make wferclldng thl'!11 easier 
Fealure IlUlllh •. 'I olle is the DC rodfici .. m of th .. DCT. Th,- Tl,,,,~illillg -LO f"awn'S arc 
!l\ lUjOC[L~J as silown ill t ~bl" 2.1. This lllllnberi llg SYSl<'ll l rellllUH<xl Wll"ti1 llt for the 
clItiwof lheprojl'<"t 
Region I\ !eall Staudard dedation Skewness Kurtosi~ 







Phantom illlltgt"S were ,,",,-...J in onkr to tcot the I'otelltiai efficacy of the featur,,,. 
ell"""",,, . ,~ phantom image oonsiHwd of a normal. p[cpr<x't'b8t~t. image with a mIlS>; 
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di),;ita.lly b"perillllXN~1 into it . ( hal circulllscribed IllaSllCS were g""ere.1.,~1 roughly 
in the C('ntre of the image. Size, eccentricity. and inkn, ity w,,,c all ",riable ami 
!l,radielltb were 118,<1 for the im"]j~jtics at th" edges of the mass in ordN to , iHllllaW 
the ,h'I'"a.,,~1 aHcllO",!io" at the hore),>!' of an d lip""id Ill''''';. ,\ normal illlag~ amI a 
phantomcon"tructffifrOIIl j( ares iLowll in figure 2.10 
'l"heorigin,,1 i"'''gp and th", ph.nt.om WiT h th~ m, • ."" wI're the!! " Ill thro ugh the 
OCT ""d til",ir featu res ext racted T he features "WI.' piott<~ l Oll a !'.laph ami COl!!-
pamd 
2.6 Classification 
There wer~ two l,yp~' of d"",ifi~ "timL "t1.~mpt fd usiug t he feature set " generak~l 
for t.lw a,'a il ~ ble 
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four data>el8, )"IIAS (f'lll), DDS:>! )"[LO, DDS)"1 ee, ~lld 
A,vmmNric illlRg'" wen, llot "".xl ill allY eJ( p~rillW" IRt.ioll . Si llC" " da:;.:;i fi~a tion 
n~~r('l;I, lwighhonr "uri llRi w BRy'>siall classifieTh do not dn, t lwy were omitted (01 
2.6.1 K-Ilcarcst neighbour 
The talJles mias_ ~'I!)! and tid.,m..~~'" w,,,,, er""vxl to <"Ontai n ,,]1 nf Ih" k-n""'l'ot !leigh-
hom dat"f,," ""."h image for an jx:.;,;iLle rombina(.inn" ()f t.hr~" features T he dat " 
11: T lwfi M f~"turp nlllnlwr 
12, The8<'Conrl f"M.l1T<' mnnher. o iudica(csthesecon<i f""!.Hn'WaH llot used 
r.J: The T hird feature number. 0 indic..r.,,, I.h,' third featllre wilS not 11_1 
i"",~,,, The nni,!"c idcntificat io!l llumbt-r of th,· ima),;<': matches th,· i tn !\g~ In the 
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set (mia~ only): Which W1, t l", im"8P Iwlo"p to Call be either full or Muced 
view (dds'll only): The view of rh p ",,,,,,,,,oilTam, Either ;lIL O Or CC. 
pl-p25 : The 25 ",,,,,.est illl<tgL", with rco,p(,"Ct to the fe"I ures lN'(1 
di ~ tt _ di ~t 25 : Til" E,wlid,',m dist.mK'>; of the 25 UC<lfest im"ge; rpf,>"'nr,~1 ill 1'1-
2Swilh re;"prttto thefeatul"ffl u>",<1 
imagc><everity: The """,rity of the image refem!l N'<1 in th .. mw'lc <'Oltunn. C"n 
he ei(.hpr fI, b, or "'. This col", ,,,, i~ wlllewhat redundant , hut S('"~''' to "I>ec<.l 
sovcri ty l -scverity25: ThcS<'\'er ityofT.hei",ag,>; rdcrellced ill pl-2& 
value l -value 25: .-\va lu(>'I.';.'i8"'~l to l'l . 25a<.'('Ordi ng tothc;;<>writy ()f thcilJlage 
-J for normaL 1 for ~u"pidous 
p,·alucl-pvalue25: va/"e/ -2& ",ultiplicdby awei!',iJtingfacT.orlV'mrdi ng to(iJc 
prior probilbilitiL'>< of (he S<'( 
The k-Ilcar.,,;( Ileighbour da&iHer w,," I~sT.~d Oil the DDS~1 "wdiolMpr.J oblique 
~ nd crA niocA udAI. fl" well a" hoth lhe full and red ll~ro \IIAS ""t~. The fi rst "t~p 
in the k-ncarcst neighbour d",,"ifier "'tIO to g""~r!l.t~ "ubk oontajni u~ til(> 2~ ,war-
est neighbollr~ ofcwh image for PIV'h fcal nre ,·""Wr, 25 ucighbours WiI" Ch',.,.,ll to 
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!\Ilow das.,iticatioll using any Hlll nh<"T I...,.., Than or "'lnal l.o 25 n("ighhonl"S Adding 
morc ncighbonrs i. unl ikely 1.0 1;<. ""H"fi("i"l, as I.h~ Ck"""'1, H"illhholll"S am till) most 
,iIlHifi,·a"',a' " lw,H,ld illn ..... " " ·''' '' pu(.ati,,, 'a l t,",, 
F()r e"ch ["at1lf(· . , liffen' Il"'" wpn' ral" ,latcd wi t I, r""I,C(·t to ill oth~'T i lllag~"S. S,"ce 
all the f{'Mur~"S had di/fereHt typical r~IIg("S for t heir ,-,lIues. 1he difference cakul!'ltffi 
was weighted to m llljWllsat<' for t.hi~. For exampl,". using diffcll'IlCC "Iune, wit h a 
f"ature ~~IUf.1 1 for OIl ... image a",] '.! for a!lOTh("r, tlw diff ... r("II" ... is 1. [f a {eaturc has a 
",II"" of 100 for OIl P illlalle and 101 for auot her. the differ("""" i, "I", L H()wpv<'r , in 
th<: fin;l, ("x6I1lple, tl,,·differ("nce is 100% ",h ile inlhes<'(,on.] CMmpl' ·.1hediffp"'Il("(" 
is oll ly 1%. '1' .. C'''"'j~''N'\<' fnf tl"" II ... ,,,I,,,, " .,,'d ill tl", ,,1)1;ofi tllll' i, II,,· ditf,·,-.. ,w, 
of the two feat nres divi,hl hy th" ""m ('~III"t ion 2. 1). T his pre'""lIts featlltc, th!'lt 
naturally ha'"e a large range frolll dominating the fcalllre "ocwrs 
Ic~r HlWgc /e" tu,-e - "dy/dllfw' /e,,/w'e 
/p .• ! ;",fl!)l' /rnt"re + up;.qlloo.,r /mt",,· 
The 25 do,c;t ""ighhollt"S to ~arh i"'ag(" '\"I'm ~tor<~! ill I.h,' ,hl,al>l'''' 
(2,1) 
two im)(}rtant piece< of informMion ga1hcrro in Ihi~ SIPP: 11IP ord("ring oflhe ""arc,;t 
llcighb"u!'!j, alld t Il<' di~l.an ..... to ("ach one_ Storagp in th" dal.ab,~",· 1" ,"llIits rapid 
r<~tri ... val a"d !'l"ah',is_ Whi le it is not n.",--=al'\', the d!LS8ifi("ation of .. ach neigh)(}ur 
is also ",U)fl~j in th(" datal>a.'lI'_ This in~r~""'-"S fh(" storag(" r<'<1"i"',,,ems, hm d~'Crea.",.; 
pr"",_""ing t im(" "",,,><:iatro wit It querying dBta from 1110'" than 01l<' tl)hle "t a finl('. 
emubina!ions of two amjlh .... -<! feat ures wer(" also t<'S"~L P..-rc("ll1 diff("r(,llc~", were 
l l"~! agfl.in . \\'ith tile /.;ucliticaJ' di"tan".., in twO 01' thrce tl i lllen~ion al 81''''''' (<I = 
~)calc"lat{'(lfor~ach j)8irofilllage;andeacll fe!'l!lIr~n'(!tor. \[oretl"", 
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three fcatlllL" at "ti",,, " ... ~ too rompntat iotl ally i nten~ive 
Thcr~ "'~ !l. f~w W!l.Y" ill wilidl the da>silkal ioll al);oritlnu was !Ilodifi,~1 [n 
addition 1.0 I)", ~tandard ,'ote takiu!; appro",;h, di"tmK'" to ueiWlhoulb '"'''' al,.., 
"",si'krOO. as well as the proportious"fuorlllal audsllspieioll" <lma ill Ill(' Imillill!> 
S<'I(priorprobabili ty) 
Sill~e k-IIe''''''"t ncighhOllr da....,ifiers teud to haw a slow operatioual pllil>C, ad-
diti"nal ~olllllm8 '>,ere added to the databa.;e for ,,,,d,",,ighhollf in order to speol 
cl ~ssi ficatioJL, "t th~ of storag~ sp~cp_ VOlP co[ llllm, wcrp ...-i,lNl for ~ach 
lIeighhour with +1 for pO'sitiw, (sllspicio,,"l ",, <I -1 for lIega li"" ("ormal)_ Co)umn.< 
v.uc al,.., ",hkd for vote;; \wight e-<! by prior prolJabilitico SO as wrL"<.iuc e theeffL'd 
of haviu);anll""wlIs"', of\XItentialneighoolllb, Forex(Uuple,ifthcrearetwiceflS 
nInny normal images aS8lJSpi~iouo iu the Hailling,;et., t.h"" vow, fol'sll,;pieiouowill 
count for twil"" as llmdl as vojps for lIormal. NormaJ votl'S haw a fixNl v"hw of_ 1 
wh il p 8llSpiciolls vote. h",,,,, vallle of :~';,'':'"i'.~;,::~" 
TIlt,vol.<' t B-king algorithm "',II< t u;t,~l for h"1."U·Il 1 aIHi25 e"lenlauxill"i!',hhoHIb 
for f)""h t""j image (lea"e oue Ollt Cross '1uidal ioll). E"d, !leighho", );ds it "Ow ,II< to 
image are being Il8(d with t,,,, of th"[JJ ~nspicion" ,,,,d thnx, norlllal t he]) d,e illl"g" 
wi il l>eela"ificua.,; Ilorlllal(thrN'1.0 IWo) 
'<~xt. a weighting Oll th" vo\t" basod on1.h" prior prolmhil ity of an imagp twing 
s\1i;piciollS was "ppli L~L There ",,'m,my moro normal ima,.;"" in the l rainingdaT!l..'i(>ts, 
00 t ilere was a IO"'I'r probably of ramlolll ly havillg ""'pieio"s !lcighhou !"l;. Ik'(;m,;;cof 
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tb i", (bere w,'" uwre ~i&llificaun' pla,.,~! ou fl , uspieiou,; nei;;hoour. For exalllple, if 
there arc (wicc as m,UlY uormal i"'''g'''' ,~~ suspicious. 1hen ~uspicious images will gel 
two \"O(CS "",[ "')f(lml i"'''g''S will gd O(l!, each. So. ill (his ca."" if an image has 
(hr~ lIorma! IIei~hoonr" and (wo "H.'pieio,,", it will i", dm,-,ified :", EHSpiciou;,; (four to 
11"..,...,) . T"i~ i ~ ffip<'Cially crllcialsincro we place grea ter ;mpor!a.nNJ Oil ""I~~i1iv ity "nd 
ha.'·ing a mucb higher cha!J~ of a ncighbour being normal skrw's tbe resu[t., toward 
higher "i>l'<:ificity am[ away from scII~it ivity. 
Fina.l ly. distaucro to each neighoour Was collsidcrNl [f an il uage has on" really 
clooc neighhour alld the rCht are rebti,'ely di>.tant, it makes sense (0 It.",ip;u more 
priority to the ",t" of the cllN"1. n"ighhoup.< "",lies., to the fartht'f ones. To w:hi"'" 
th is, e!\Ch \'ote is di"ided by the d istanc-e t.Q that point. . For ""''''''I'll'. it poim tbat i" 
0.2 away will get 5 votes wbile a point th"t b 2 a.w"y will ouly g.'t ],,,[f a \"Ole. 
In order to ~alcn["1~ a ",-,,,,it.i,,i!y and "J",eificily {or each of the datllSelS for pa~h 
nutlll",r of II~ighbo\lrs. the number of Irue J~iti\l" "]J(I 1m" "":<l<li",-"s from each 
fpalure , .... 'Ctors ,,·as found. Ilotlo true pooitives and nne "',&"ti,"t>!< n"'-'<..I I. similar 
algoril lHU. For true POSili>"l'!!, wit II the plain "ole l"king Illl1hod a]J(! ~ingll· fea.t.!! re 
da&lifiers, fi"t u datulm>l<' query was I)('rfonl!,-~I to find all ~"spicionb !lllag""" and 
their neighbours. For k " .. i KlLl~ )((p.< til .. "ill-,-,ifi"aTioli WII-< f""HoI by addiH ~ I.h,· val1 [O ·.< 
assigl,,--d tothc first k "eighhout'llforeachill,agcrt.1.UfuOO in the ql ll'rytOl';<'lher . Sil'CC 
posit ivUi arc =igH'-~! a ,-a]uc of - \ and u""gat;",-,!; ar~ assigned" ",,[up of +t, adding 
~hc vot.a; together {or the Il"ighhoul's I'L"'Ulth ill a mlnc greater than or "']ulll 1-0 7.ero 
if the consellsus is suspicious alld less ~haJl 7.cro if it is normal. Th" n"ml)('r of ill"'g'" 
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for {'""h da"sifipr from th;, set Wilh II posiliw \1'.luc j, Ill(' n\llllh,:T of tnw ]>O::"';l iw", 
True nl'gatin .. w.',,· Pilk"l"t ,~l in nil a)"" "" idell!i",,1 f,c,hioll <:x<:o'pt the dlltal",s., 
qll'~ry ,,"RS for aU lIorlnal ilililge; and their lIeighIJours and d,e slitH of \,01<", should 
l.w -I for a corn~t dasoificillion, This was calc" lal~..J for e/lCh mnnL..'T of lIeighoollfb 
ntllgillgfrom 1·25 
For cla"sifi{'r.~ using lhp prior probability w{'ighted ,,,hw'i, tIl(' vot.", w{'n~ switched 
ont for the weighted \"Oll'S diSt,ussed ~l)(we ~lId added togethN as normal. Cla.<.,ifiPfS 
was dOl'" for da."ifi('rs using 1, 2. alld 3 [patur..." . T )",rp w('r(' (w('lV<' variat ions of this 
by distan...:, and weighted for bod) prior alld disHlI1C<:' for <'<)mb;nllli01~~ of I. 2, mId 3 
f{'atllr~",. For each "arialion. ami each Illllllber of neighbours. rhl' (cal un' ,......,tor with 
tl,,~ highe,;t sensitivity W!'oS sde<:tf'(1 and r<'Corded along wi t h tt s sp,,,,ilit-ity 
2.6.2 N aive Bayesiall classifier 
T he tahl,'II ,madJ6YC& aUlI ddam .. ooye& were crellt,~1 w contain Ill! the calculak'(\ 
prohahiliti'i!< for each image for all OOlllhinaTi01~~ of one. 1.\\" or llrme feat nrc,;, Tire 
d.dll stom:1 inlhe table is as follow~ 
I ",,,,,hI,,,, The "" ","" "I b[,,,~" '" "ee B",.~I'" """fie, R.",,, Imm 2-21l. 
f1: Thefirstfea!\lI'cnlt tl,lJ;>r. 
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r.! : Thes,>c';lIld r""t.",,, ",uuber. o iudi<;>lu" thcsreond f"at",ew,,, lIot II"""! 
1'3: The t bird [" Iltmc llUluber , 0 indie""" the third f,,"'m,> WI~' ]]ot lIS('([ 
image: The UUi<l lW ideut ificat iu!I lHu nhcrof t h<' illlage 
posterior_no r m : Th" l3aYffiian prulli,hility t iJa( an image is ]]ol'l ilal with r~"I)(."C t 
IU all other images lIsingth,' slllll<,fea(ure,;o:'1 
post erior -'< usp: l -po,,(erior _uorlu. 
T h" finul d aSbifier t~I",1 wa, t he ""i \"Q [layu; iau da ,,~ifi<'l". The program w,,~ 
d,,,ign<~ l to fUll ill (,,'0 stag<", Fin;( all the probllbilitiell were (llkulated !\.lui stoftx \ 
in a datah,..",. "lUI t hell thesoc ""<'f' ~ coUlI",re..! "'ilh the trulh ,["Ia to fi nd the Sl'n,i-
tivi (y/sp'-'Cificit)· of ~a('h f~"tnrc, Storing th~ probabi lities !-.cfore asscb.,ing the ,;cll-
siti\"i1\"/spccifiei ty a.l]owogrea(erfil'Xibi lilyfor analrsi"alHirefiueuwU! of t hresholds 
Lik<' Willi d O( , k-ll(,IU"'" w'i!:hhour "h'.'i._i fi, ·!' tl ... DLlS~ 1 ' Jl(',liola!<'nd ololiq ' '' ' Hw l , rxll_ 
withon!. belligll images " ....... ' analyZL't1. 
Fin<t . the "","berof normal and '\ls picio\l~ (maligllallt and !,,'nigll) j1ll"ll'" "">IS 
coulll",1 to find lhc prior prubabi li(i,,, "fca<;h da.;;.sific>ltioll from (,( !\l~'ioll 2.3. Oat ... 
was then qUNiNi from th,' Hppropriate dHt "I~~"" for the ~ppropri"tc ,·ir"· . For each 
fe>tmrr , T"~) idelltkally l>irlllcd histogmms for [JOfll l"'] ~"d sllspicion" i mHg~" were 
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setup. The size of the hi;;t0'~mm" ""~" dcwru,i]J(xl fWIII the c"tire "ct of data. The 
)owe.;t feature",],,,, [or "nyofthp imagffl Wl'l5S<'T. l'I5 the 10w",rbOllnrl fort he h i~togram 
a]J(i the highest ,."hw " ... ~ Ink"" for T.lw uprer bound . Th", '1\)ues in b,: tw""",, W",I"(' 
divi,b) '~I'",lly im.o Ih", rl e:;iroo lHHl1lJ<>r of bins . Each image Wl'I5 the" placoo in i T.~ 
appropriakhi,lOgram (figurc 2.1 1}. 
("2 ."2) 
(2.3) 
'~l . ~ldtt6 __ . ril-h . I~ 
, 
, ., ., ., . " " , ."., 
Ollce the llllIuber of uOrIual m,d "uspieio,," i",,,ges ill ~ach bin wllS kiIOWIl , each 
in"'g" W'II; l.e"Inl usi ng le~w one om. eros:; ,."Iidation. To pre,""nt imagc,., [[om beill"; 
conlpaJ'etl ",ith tlw",,,.,I,,.". th~ (x)[[("l)(J!ldiug bin in th~ appropriate hi~tograll l was 
rI,,,,rf'lllf'nT.M while an jrolllge "'"I< locing k,;k~1. T he likdihot><ls were calculated from 
e<:i\wtioTL 2.5. Thi;; i;; the prohahilitytl"" I.h,' imf>gc is ill that bin if i! ib"''''pkio,," 
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N()Xt., unnormal i'Rd )O;terior prow.bili ti cs were ca lculated . Th"'l(' a'p t,he likdi-
hoo,l~ multiplied hy I.h" prior prohabilities for bot.h norm,,1 and Sll'pid"u" pr"l~lh;I;-
Ii .... TIll' normaliz."j ~\lspicio\ls 1)O;l('fior probability WII.S th"" ~aknlat,~1 hy dividing 
tlK! ulllJormalizcd buspicious poo;tcrior by th" sum of the normal and suspicious pos-
t<~rior (equation 1.6. The )O;I.Nior prob/lbility th,,1. all imag" W,,", sllspiciQll~ w,~, thell 
"dd~~l to th" dat"lx~"" 
(2.6) 
Th" whole pr"'"""-" was rq><:IIt('(1 for ILII imag"" in 1.h" set, for each feMuTe mod 
using bet"wn I""() "nd 20 bins. Sturges' ru le [571 " .... ~ "",,,,I to approximate thc l..J.L-.;t 
llIm,ber of billS to use, Using Sturgcs' formula ('(luation 2.7 I]", optimal ,,,,mI. •• ,, of 
hirL'i should h" approximately ";&1't. How('wr, t.his is only an ('Sti )u~te :lIOd may not 
be accurale for the d"ta s"ts he;llg "",~1. so it w,", 1'--,;tL~1 cxp(:ri1U('nlally 
(2.7) 
This pro",,,,,, wa.' then ('xI".n,hl to uS() more Ihan one featu", in Ihe f,,/lun .. • wctoo 
Combina1.i()]~~ of Iwo and tim", fealuf(l:! ".,.,.,. u"",1 wh"re Iloc", wcTe 820 <Iud 10660 
po,«ihle oomhinatiolls " "'I"'''tiwly. For fonr fealn..".; 110",,, wcre 101270, &-cause of 
the rapidly i!Jcrc"";II); amount of ~"Ompulation for inc",a.,in); rmmber of f'·~tlOl"<'!!. tlo r('(' 
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" 
f<!lItllm '"''<'ton; wer~ the larg(':;t that could I", ~'UllIl'nt~~1 in a ""~"'!lable alllount of 
For each Mlditional feat ure :",I<hl. >;CI"'P'W hllilogralllo w<!'" ge!leratl~! am! likeli-
hood~ pakll lH(e<:i. Using the independmcc :~'io;ulll ption. (sect ion \' :;.2) ullllol'll lali1.C'I] 
!)Q>,(erioro ",,"re ca\cuiat('(] by nmiliplyillg tl", likeli hoods from ,,(\(:h feature with the 
prior probability ("'1UHTi on l.la, The l)(IO;wriors were then nortnali~''<l ill the SIIJ'W 
way ""furoue f""wrc. 
a ((':;t illlage wa>; a>.,igul~1 to au e"'pty hill. If a biu iu eitll,"r a uorlllal or ""'pi-
ciOllS histogram was etupty. and a testillg iluag" fa lls witllin the range of that bin, 
it wou ld r""ult in a ""ro pe[ccllt likelihood for that feal ure. and thus a 1.<:'ro p·crC('IIt 
I"",!,"rio[ pro\",bility. d""pil<' th" outeo", .. of olh,'r f"at ures ill the ,'ector. If a bill 
;11 both (he normal and suspicious hi~tograJII was empty. this wOII)d rl"mlt ill "z"rO 
p"r~"nt lik.,l ihood thr imag': wa., normal. and a zero 1""~'Cnt likelihood the illlage "'M 
.,,"picious. r"88rdl"", of t.h~ outcomc of oth~r fe8wros in th .. "'~:Wr. To mitigate this 
problem. <"''' eon"t w,.,; ",)d,~l to ,'arh hill. This way. i,ua!:(':; falliug ill " formcrly 
"lIlp!y bin still 1'"""i"''Il II low probability of bdonf!;ing to th"t. ch,si ficatioll. hut the 
prol",bili ty wa., 'lOt so low t hat. it romple1.('ly dOlllinawd p]'()l",bi liti,,,, ~"lcula('(! fr01l1 
With a dat8h"o;(' popll l"h~l with prob"h;lit i'''' for "",;II imagc for cvcry possible 
eornbination of one, lWO. 8nd thr"" f"lIm"",,, ".."siti,"ity and specificity was tl",,, ,",,)-
culatw, I" urdl'r to ddermi"" jf lUI image w,~" slIspi<:iolls. a ~rtailJ threshold prOM' 
C II APn;R 2 . 1'. I ATE;R IALS "'I'D Id E;T1lODS 62 
bilily h,,<1 to II<' Ch"""I1, lib",.,. which t.lw image w ... , da,;,;ifi~~1 as suspicious ami below 
which, the i mag~ ",as d ... ",ifiN! Horma!. Th~ t.hr,-",hol<l could be adJ u"t~,q to ~1IIJ>h .... 
a th ,,;oohol<l of 0% pOoterior probability tl ... image was suspicious wOli ld gll"l'aut e<: 
100% ",,",;it ivit y, but ,p~-cifiei t y would suffer a",\ be 0%. A thT<>;;hol d of IOO/,) muld 
be d,,,,,,,n with the opp.",ik , ,-,,,,,It . Sino' the dassificatioJls of i llla~''S ir, the trai" ing 
""[ were known and all pu;te,ior prolmbilities were calc"lated. th rl'Sholds "we chOliO)tl 
1",,<,-<1 on lhis <1"ta. t or 11Xl"A: !l<'llSi tivily, the lowest. prolmbility of" suspicious im"ge 
cre!\.o;OO by lISill.g the seo:-ond lowest prolmbili ty of a ""picio,," in",);e being hu, piciollS 
lis the thn .. " hold . This did howc'w 10""" sen, i!ivi!y siuC'C the SIISpiciou" im"lll' with 
11", low""t, prohahility of l~i Hg '\l~picioll~ Wi18 HOW da" ifi~~1 as HOrl u"l, u. .'an!l< ' 1'1'01,.. 
abili ti es were calculated and ston~d fi1'>l . SO'.'" siti" il,y ",nd ' 1"-,,,iJicily ~o\ll d I,.. rapidly 
mkul"t~.1 for ml}' threshold, wit hout ha"i"g to r~l min. s"n,itivily m,d ~I,,-'Cific i ty 
~ha racteristic( 1l:0C)d"ta 
To fi nd thp oplim"l n1ll nlwr of hins . lhe , ingl ... feature d "", ifier "'"-, t,,,lt..-i fOl' ,'arh 
scn~iti '·i t y W!IS uSO'.'d for that, image S<.'t . In Ih,' .,,,,!Jl, that two binning S('h('Il"" h,,,1 
the sa,ue "l"-",iJi~jly wilh !OO% ,.,,,,it i'·ity, the ~l ... >('ifi('i ly of the Iwo feat ure dltSsifi(·r 
would be Uh<.,q "" a til' breaker , It "'OI,ld be not I,.. fp ... , ihlc to fully t~'St all biuning 
seh~mes for all dat"""ts sine<> Ilwr~ are 19 binning ""hem,,,, ,uul four dataset-s (7fi 
l 
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combinations). TCtitillg pa~h one for thm' [""t ures takes 10+ hO\lr'; . T"';ti !l~ jUHt the 
"ingjpfp"",Hrp,]' .. ssificr" hollld pwvidcadu.;egut"SS 
Chapter 3 
R esults 
T his Ch"pt('f CQnlains a summary of the resu lts oblllinl'd in I.h,' proj.;et. Sc<:tioll 3.1 
describes the ou(eoUJC of the prq>roa... . ,si llil, ~tcp , &'CtiOH ;),Z showH tl'" [,'asihi lity of 
using tl,,~ OCT to rl .. !<'Ct, ""net'T. &'Ct ion 3.3 shows t lw ahility of th,. d,Obt'1l feat" .... ", to 
det~'(;t callCcr. &'CtiOll 3.4 presents the IiCt-umey of the k-nearPSl "<'ighhrmr c1"-,,iticr 
and I.h,. "ffects of ,'"riollS pflTamer.crs. Se<::tion J.a p,escllls Ihe a<:t'ura<:y of the naive 
Day",,;a!! d~ifier and pr""""1s the efkets of various paramNers 
3.1 Preprocessing 
The pn']>r",'.'';"or "1'1.' Hppli,~1 to Ihm' dat .... ",,", \ II AS. DDS"l !uL,<:lioiatcwl oblique 
(" ILO). a!ld OUSl\l crau;ocaudal (CC). For both the .\lIAS "lid nDS~1 MLO "ct.,. 
l.octweeu the mrions background th'C'hholdiug algorithms. it "'liS found hy visual in-
"pect io" thllt half fllea" p,'rforrnl,<:j lx\st for most images_ OI,;U '" 1I"'lhod Iw.rfor!ll"d 
slightly heU,'r for fatly hrmSIS, but worse for all others_ H"lfnl<'an w ... , <;h, ... ,,, ... , th" 
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thre:;holdiug algori! hm. Half mean wa, initi,olly nSl~1 for til<' DDS;"] CC ""t, Imt that 
resulted ill an unM'CCptable [m",ocr of poorly prq"",-"'SSe<i images (nearly 20%). All 
thp thre:;holding methods "'ere tested again 011 the craniocaudal:;<>t and iI, w,,,, f",,"d 
ImaR"" df'<'rnP<i 10 he of insufficimt, quali!y aft,'r prepmn,,.,,i,,),; were cxdu<.k...! frolll 
further testing. Table 3.1 sllO"'s the distribution of dM" in ,,,,,;h of tl", sds ocfore 
preprOl"t..."lHing. Tabl" 3.2 shows the distrilmtioll of data ill each set after prepr~inR 
2% of im"gl"l w,'''' 100;1, from the \lIAS SI't, 6% fW[ ll DDS;"] :'I1LO. ami 3% from 
DDS;"] ~'C. Sillce the ddCC!ioll "f ''''YHllHe!ric deu>;i!ie:; requ ire:; th~ COtn]""iSllll of 
\.wo images, "'hid, the claSllifiers do 'WI. do , la ion,,!,;"" d"ssifi,~l a.> ''''YHlme!ric III 
\.he \11.·\S databa.><' were not ll5ed . Vah"" in parmothe"i~ ,how the munocrs wi th 
rotallHllnber of llormal, benign, and malignant in"'g<Jli in each dU!aM>t. 
to bre",,! patholo!:y from 1he i[w,~< .. sud[ as in fign!'e 3 .1. HO\ ..... ,\·~r . in smne ;ml'lg'''' 
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either some tags rcmaiuoo Or SOUlC of the Lrcasl tis:sue was lost F'igurp:J _2 tihowsa 
poorly j)[epron=-diUlagc 
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3.2 n e T filtering 
It WA.S found thAI. approprial<: sl.'leClion of" rpgion ill t.he OCT tfall,fonn oould be 
uS<'(1 t.o fi lter all 'u"pi ~ion~ m!\..~ from all jmagP. FigHT<' 3.3 , hows 1m ilH"gc with 
a malignant m,,-'<.' t haI ha, I""'n fih"r<~1 10 only , how th" Ill""', This ""I~, do" ~ loy 
siuoply re!Ho\' ing the oot\.om two ro"." and three left moot, mhml1l' of the lr1Ul,form. 
performing (he iU\-crse transform. ami illcreasing the gaill . Thi~ prOl\'''''' d,~"rly 
demonstrated that suspicious ohj~'Cts can illde-ed bc isolated from )"('I';ioll" of the DCT 
Figure 3 .3: 
A ",'<'ond di;;cowry nHL<I" wl\.~ an df('("liw n,..lhod of dle.,;l wal l r(,,,,o\"a l. It, WI\., 
fonnd that for all Ihe images 1,,>;('(1. 1.he ch~t wall <"<mId bl'd":,,,]), ,clIlo"ld froll! an 
imagO' by croppiug the ho1101" t wo line;; aud Idtm",,\' I.wo <"01unms fWIll th" t'm,~forul 
Thc imu!;es were lirst trall,form('(1 into fW'ln"ncy 'P"l'" usillg I)", DCI' t t algorithm 
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rhe first Iwo Ii!!,,,, 8ml firsl Iwo COhllllllS were remoY<u and the image WI\.> trHnsformf'd 
Mck using DCT !II (figure 3.4). The DCT CHn be usM to "-CcHrat.dy dislill!',lIi,h Ihe 
cla,,;t wall fr01ll d w ""'I. of Ihe b"·'~,I. This could pot~mially be exploited to r<:'I HOH' 
t hr chest wflil from fill illH'llC wb il" If'fI\"iugI.h"soft t.is.'""of T.! ,,'hrea><t intact. Not 
only does t his l"e(hOO doal l .·xcellentjobofrf'1ll()vin" tlwell!:,,;I wall. it "I"" meanS 
that the chest wall docs not need to be rl'mo\w in fldiS("r<'t'ls!<'p. The loca.lization 
oflhc~h"stwlllliut ll("q",ilwlransf()rlllmeanSlhal due to the inherent nalHr<'oflh(" 
featureextractiol\stel'. it will ha,·c lilllite<:1 impact on t h"fe"II1""; 
Figu re 3..1 : Th" d'ffil wall has ])(l(''' coml'lddy rcmoY<~1 fro", "II il,,"gl' by [<'",,,,·;u,, 




As ex]>ect'~l. at lIloot fn~luellcie". th .. featuTc!; of the phalLwlIt W"l"r '''~arly jdent.j~al 
tl,,; pote"tia! of using featul"C8 generated in this manner to cla,;sify illt";:",, with ami 
without ",a,""",. The exa!llple showlJ in figUTe3.5 plots the p<'rc"m ~haltg" fore"l"h 
f"atu'e from Ih" I'ham .... m shown ill figur~ 2.10 
'-n/'/' ,.- ';- 1\ , ---- , 1\ 
-1----;-1" +'~?""--.--.. -
: J ' 0 
(al ~rcan fc~tu ...... 
:1 1\ :1 /1 
LIL-.-.- .:~-
Fig ure 3.5: 
In this f'xaml'lp. the f~at\l'e n\lmhel1j (.'IC<' Tahle 2.1) with the g,eat<:>.t change; 
W('re a3 (2'1..). 14 (2.9%). 23 (3.2%). 34 (7_3%). and 24 (100_3%). It would ... "'Hl that 
for Ihis partir"lar "","'IS, [camrt:' number 2-1 would do a" excellent job at delt:'rTuining 
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whethl'ror not the in .age is Mj,pieiOllS 
Sintc this waoonly a proof ofcolK'Cpt experime"t. !lJ11ol'Crigorousaual y~isw""not 
pl'rformed . The T('Sults demonstnlte quitp dellr1y that II",,,· is a ~h"uge iu featurl'!; 
when au abnormality is imrooucl'd iuto th(' imag('. This Wi\:S enough .. "id"IK'C to mo\"e 
forward with using the featurcsct to attempt to cJlI.'>Sify real image,.. 
3.4 K-nearest neig hbour 
1'. Il AS with bcuign images remon~l. DDS~] ~ILO aud DDS~ I Cc. T'~ling single 
fNltur~d"",,ifiers foro<>t\\"t'e!l 1 and 2a neighooufS took on the order ofmi""tcs for 
('ad. set. Tu;ti ugfor all combinatiousof two featurcstook on the ordeTof ho"rs,a "d 
ll"'t ingfor thR'CfeatHrl'" took ... bol1t twoday"perset . For .. ad.ofthf'12\'ari ... . tsofthe 
dll.,sifier. Ihe nl1",1 "'-'"Siliw f<'alme or f'· ... l l1re""1 was rN:Ord"d wIth its <XlHl."ponding 
specificity. Full r{'>;ultsran befouud in a]lI~lIdix A 
3.4 .1 Best features 
Th .. l>t.."t l>erfonnillg fealures for tl'" k-ueaft,.t ll{'ighhol1r dassifier were fOll1l<1 bv 
"aeh dat a set, for "Heh of the ]2 ,.,,,i:,,,ts of the ehl,;,ifier. Th" ",,,,,I [r<'ql1"nlly 
"';<;lIrrinl; katu,,~ aT<' th,' 1"";1. For 1'.IlAS full. the l>t.,,1 [""lurcs were j() (1-1.(;% "f 
<'hw;ifiers), 8 (Hi.?'70), alld 12 (17.7'"1.). For ~lIAS r<'<luc<x1. the 1>"",t [""lurl''; were 
2:1 (16.8%). :1:1 (21.9"10). and 12 (:19.4%). For DDS).] 1'.ILO the 1)('>,1 f()Il.tures \wr() 
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21 (19.1%), S (26.7'70), a]J(1 13 (,12.00/0). For DDSl\J CC the hod ["atum; werC 37 
(10.8%).32 (21\10/, ). anrl ~4 (GU.l%) 
3.4.2 Majority voting 
vahl(', For cad , data ,;,:'t, t./", best ,,,,,siti"ity was found when using two Ileighoollrs 
and (hr('(' features. The highest sensi ti vity for rl", lI.lIAS fnll ,..,t was G~U;% wiT.h 
7.~J;% sj>c<:iheit,y. For DDSl\! )"ILO th" high""t was at 82,9% sensitivity a]J(! 7R8% 
sP"<'i ficit.y. For DDS)"I CC th~ highest wa, at &l.G'70 >Cll,itivity ,uod 809'11, 'l><'<'ificit,\' 
This da~~jfo~r l~alJs (vwards high sprtificiW anrl low ,<.<'"sitivity. Ao t h~ numl,.,r of 
infignreJG 
3..1 .3 Distance weighted votes 
tu re da.'l8ifoers. Por the )..UAS full SoOCT.. the highest, """sitivity w&< 51.G% "i( h 12,2';{ 
",-,,,"itivi!y alld 87.3'70 "I-"-",ifki ty for I or2 fleighbours. F'orthpDDS]I.! .\!LO,.,1, the 
high~"t W3..> t)5.7'7c ",,,,,iti"ity ,I],d 85.1 '1c 'I-'~dfki t y for J ll Pighhollf", For the DDS.\] 
CC . .,..t. T), ., hi:>;),,,,,,T """-> GI. G% """,;i( i\",1\' and 89.G'iI "pecificiTy for 511Cighw\lf~. ,\" 
wiT h tlie\"otetakiu!; !llelhod,thi,da"ifierte[J(isto ha,'ehighsp"cifiriT ya"d low","-
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Figure 3.6: 
~;t;vity. With !lIore ncighhoul"$, the ".,"sitivity and sprcifkity diwr~e further. with 
the dft'Ct Illure prulluunt<-'<..i in the ~[]AS sct.s. The distance weight~! classifier t~nds 
to ~!lIooth out the nu~tuatioIlS "'-"''' in the vote taking du",,;,fier . as.eel) in figure 3_7 
3.4.4 Prior adjusted votes 
feat"'''''_ For I>.IIAS fnlL , ), ~ highest sen,itivHy was ~3 . 2% with 3-U;% sj ..... ificity 
for 3 "<'ip;hhours_ For ,\IIAS r('(htced. the highest was 92 .7"k ".,,,si!ivit)" and 3!).ifAi 
sp('(;ificily with 6 "~ighbonrs . For DDS~ ! MLO the high...;t w,.s 98_6% ""ll:iili\~ty 
a",1 63.2% sp'-",ificity with J:l ""ighhonr'L For DDS:\I CC the hight.,;! Wi" 98.6% 
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F' igm ea.7: 
OCll,itivity 'Uld 75,2'-70 o!-'<-'<Oifkity with 23 ll ~ighh()nrs . C"like th~ first two d ... "<i fi,,r" 
3.4.5 Distance weighted a ud prior a djust ed 
Wh~n nsing both o:list<m~" wpightin ~ ~lld prior prolmlJilit ie-s, til{' lwst dll-,sificrs tl"L><J 
for 2 neighbours . For 1I11AS ,ednctxi. the h ighe"t was 8~ .4% ""l~~iti\'ity ""d 55.1'1< 
>I>"CHkit)' with 24 n€ighbonrs_ For DDS:"j :"jLO, the hi~he"t "'!IS 98.6% "",,"il.ivity 
SI){'Cifi~ity with L'i ncighho1lfs, For DDS"! CC, !hp. high""l " .,.,; 97.37. 
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{a) ~!lAS full (b) :1l!ASruUuood 
(c) DDS~! MLO (d) DDS ~! CC 
Fig""" :1.8: 
\·otl'Sbyrlistallcc j",",similar r''bu!t, (olhe uu-wcighted )lriormlju'(l~! da",ifier, but 
withlllOSl uft hefiuptualiollST<'lllovedfrOlll theeun·es (ligure3_9) 
3.5 Bayesian classification 
T)". naiw flay""ian da" ificr WlIS (<,o;tt'd for all four <1M " s<'1" . Feature n'Cton< wit h 
lxot w<:<:n onl' and thf(~' feat ures and hi~ t o~nuus with l><>\.\\w·" t wo and 25 hi,," we re 
ale HOC pu"""' . Tra in inR/ll'Sting took a "imila r a lllUUlll o[ (i m~ to the KN:\ d",,,"~ifier 
-",iuutes for all sinRI,· k atnre". hout"ll for all douhlc [catures. and day sfol' "U tripl<l 
f ... "tnren'Ctors. 
~-,--
(a) ~!IAS fu ll 
(c) DDS~l MLO (d) UUS~l CC 
Figu re :1.9: 
3.5.1 Best !lumbe r of bins 
The high"st accuracy singk f~lIture das"ifi,'rs III 100"10 ,;ensit,,-;ty genemlly remail! 
the highest aoxuracy classifiers when lh" scnsitivity is l()W"rl~l for OU'Y Hu",her of bills 
for either the IIIiAS "ds Of DDSIII ~ l LO, The ","lie i" true wh"n ,asil'& th~ ",UHe 
"m"her of h ills in 2 f~af.llr"'" ""t'. Tablf 3.3 ,hOW8 l h~ "p<'Cificity at 100% ""llsitivity 
In tl", CII.~ of hOlh ~ l IAS ful l and 1I1lAS reduced, rll{'1"(' "."", li<)S for th .. l><.><t 
Hlllllocr of bins when usin!'; singl" f~alnr" dll.<i<ifi"n;. In II I1 AS rulL both eight billS 
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aud 12 bill, had" sp('Cifi~ity of 9.3'11: with 100% ocll,iti\'it y for 011<' f,'alure. With two 
fefl.tur..;alld lOO%""n8iti\'ily,eighl biush",\alllUXIlIlli111 ' l)('Cificil\' of n.7",{, alld 
12 bins had a sen,iti\';I.\' of 25_9% wit h lOO"Ic ,""msiti" ity for one fellllll"<.'_ With two 
featuT""aIU11 00"'{>C1L>i!il"i!y.ciglithinsh",lamaxim"",sl,,-'Cificitj"of3 L7",{and 12 
bi, l.< had a ",axi",,,,,, "p.-cificity of 43.4'1c. Therefore. 12 bin histograms "we ('),OO5('n 
For DDS~I ~ILO. Ihe b"'''1 lHlllllx'r of bills was a]"o 12. l'h,' DDS~I CC SN. how_ 
ewr. Ill,,] a dr...,tie ju",p III ,!"-,,,ifieity whell going f"'HI !OO5\. to 9l!.6% (01'" faL«) 
IIegath'e) sellsi!i,";!y. As shown in !able3.4. !he l><:>;t. "",,,ber of bills at 10000h,,;cn,i-
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ti vity doe; not. r~m!\in th e be;t fl>; thp ;;I'nsi tivil,}" drops . For ""uoitiviti<'h luwer thall 
98.(;%, thebc"t perfoIming IIUlIlOeI of bins is 13 Wi th 13 hi "~M. 100\10 "" ' khilivity, 
"I ~"'i li "il y j ll' '')'' 10 
Thercior<" for tll<' DDS\1 CC ""' .. i3 bins "'", dlosen. 
3.5 .2 Best p erforming fea t ures 
For the )l.IlAS fnll .hM ,;pt, th" 1,.:>;1 performing f~at\L]'es for 100% S<'"s ilivity were 
]j\L lIlocr 34 fOI (}[j~ f~al ur~d",," ifl er,. 1 and 3·1 for t""O fp"tnred",,.,i!iers, >'lId 1, n, ,'ml 
34 for three feat ure d",;oil ien;. Fur the .\I1.4.S reduced ri ftt" ""I.; the best p~rfurmillg 
featu re>, for 100'-;;: ""1L~i tiv i ,\ · w~r<' "LL I "~l' 12 for o,,~ d ll",ifi<n, 12 ,,"J 22 
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for two feature d".""ilier, . ma] 12. 22, (lnd 24 for thrre feature· da"in"r:« 
DDS\! !'I ILO data sd. the r...c,;\ perform ing featur"" for 100"10 ""H, itivi t y "we numb"I 
for three feature da"iliers. Finall y, for the DDS\I CC data ,.,t, lh~ 1>""1. pcrformillg 
f~a tur"" for lOOVc S<'n"i ti"it)' were llumu., r 13 fnr on~ kat ure "h;;;,;; i fit'r~. 13 "nd:tr for 
3.5.3 Feature vedor size 
d",;sifien; perfunlll-u Oelt er th AIl two. However, l)wr~ \wre dimini,loi ng )lain" with 
datascts Ilsingone. l.wo. or t.l m~,featllIes 
CIlAl'TIe:Il a. Il F,sULTS 
3.5.4 Overall accuracy 
TlH' \)('51. da,,"sifiNl ,iAta set.;; were the DDS)'I )'ILO aJJd DDS!>. I Cc. They lwrfonned 
far better thill, t h" oriKinll l !>.lIAS fnll ,,,,to Upo" ff'mo"iu" thp. )w"ign imag<..'" from 
UCRrly tr iplNl ~t t()()'i! sensi!i'-it)' HOC mlW,; we pm;ell[L'<-i for ~llAS fuH (figure 
:l.lllj, ~"AS reduc .... ] (figure 3.11). DDS)'1 I<!LO (fip,re 3.12). alld DDS).! CC (fignrc 
3.13) 
Figure 3.10: ROC ,mY<' for rhp nR.iw Fl"yp.>i,," d~ssifipT llsing OIl". two, or thRoe 
features with the.\IL\S dMa.OOse 
Llue dott ed Ii""" rpprf":«'nt triplp fpat.\lff' d~,si fier." In ~ll c~""" classifi",n,;oll was 
si~uifi"""11yhdt.o 'r l hxll )'", ,, 10111 
CIlAPn;K 3. R &~ul.T-S so 
<?. i f" : 
.' .{i··::,<' ·': ················· ·· ····· 3F.atute' 
A,~'" 
01 t:' 
- -- Random 
Figure 3.11: ROC cur,'C for the Il~i \"c IhYl'Siflll ~11l.<>;ifi<:T IIsing one. (WO, or t1,rt~: 




"/.;' ·············· 2Featutes 
.-, ••••• •• •. 1Featut. 
", • _ _ _ Random 
O~b ., • .• .. .. "{,.""".",, 
Fig ure a. 12: ROC cllrvc for the """" i3ay"",,,!! clll..",ifi ~r llS111g OIlC, two, or th r..., 
[catm'" ,.. ith the DDS~l ~lLO datflba.o;e. 
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Figure 3.13: ROC cnr\.,. for th(' Ilai\"<.' lJaYl",i~" dl'.SSifi~" m,i"g 011(,. two. or flLl'<"e 
[""tHe<" with til .. DDS.\1 CC databA.s<> 
Chapter 4 
Discussion 
ThisdHlpt .. r d iscusses Ihf'si!'J1ifi'-!lllceoft hf' rl.";nlt'r"p()rt~...J ill dlal'\ Cr J. &,,:I;on 4.1 
I'C\'i(,WS lhceffl'di"l'II~"" of the prq)roc"soor. &.ct ion 4.1 di",u""",,, th" l'f."ll lts ofth .. 
K;.IK d",s._ificr alld t he clr~",\s of th" f"ur ""iallto ,,( t ), p dl'l.""i fier n,,'~l. 5c<'tiOll 4.3 
(h""\lSSt'Sthcr""nlts()fth(,llah"('l3ay~si!llldassilier Finally,i'.('(iioIl4.4l'oml"'ff'.thc 
lwodas,ifkation "llloritlllll,a]J(1 the diff('ff'll1 dala,e(s.aml,u",marizcstlwsll<'<'CSS 
4 .1 P reprocessor 
]'10" prq>r"""""" r ,,,,,forllJ(xl quite wdL Only 2",{,. 6'1< of imaR'''' welC [ost in the data 
9<'tS \lS<'<L The imag'''' l,,,t WCrl' lar)(dy poor qnality 10 hegin with (figun' 3 .2) ",,,1 
tlwrdo", not appropriate for use in a tminill!', sct. The pr<'pf()(""""" w,~~ Il.IIcillary to 
th" ",ain goal of th., proj('('\ and ~\lffidetltly M~llratc, "" [urth"r ""pro"'III<:I)(, ""'<: 
not llo::essllry. III II djllje-al ->cUing. wi""" images would n01 \'" "'0:1 for training. 
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Ihey would ueed to be da.'l,ified r"l~ardl,'S., of II"'ir quality. \\"il h sou", addi liollRl fiue 
tuning, th<) cllls.<ifi<>r ~o\l ld likdy b<: ililprun~l further in ordl'r to pro])!'r ly procl'SS a 
gr<~lIl<'r portion of poor<:r IFIIIlity illlages 
Since the bre1~'t is a curH~1 struelnre . the horden; will hm-c a ;:rwhmJ dl~rease 
Thenat1lreofthethrcsholdingprO<~~CH)at!):ja~hllrphordcrarOllndthc]><:riphery. 
Where imen~ity docre,;,;.,,, grad",.:!l}", the,,) will he a thin la,lw of din, foregronlld thut 
is dllSllificd fill h,u:k!',fOlmd. This 1If[,,,,I. all imllg''''. but tl l<' .-ffecr is especially pro-
nounco:liufat!ybre,~,t.". T he"-"gion lot;l,howe\"er, isqnitelhin and any atmonllalitics 
tl,isdosc 10 thc slIrface should t)<) pluinty\'isihlcwithont mmmllography 
4.2 K nearest neighbour 
Despile Ihe long IImount of romplllilliollill tim~ tak~!l 10 11':<\ Ihe clllssifiers, the 0]>-
crlltionlll phll.'9(' of thi~ cla.<.<;ifier should IlIke le.;s I.han II """"lid I"" image on the 
learner. "'ith only appro:dnmtely 300 irnilgesiu Ihe trainingsel,itdoe; not lake long 
toe'1,I\lal~d i,tallce.; betw~~n a test image and all thc Irrulling images. Ifmor<: jn,agcs 
were ad<hl to thetruining Sl't, t11<'<:OIII]Hl llItion time "uuld illcreabC. 
r here is a Si"" ificanT amounT of fln~tH8Iioll ill tll<' , .. 'usiti\"itY/"JI.~·ificily graphs 
of the nOIl-distanlX' w"ight",1 dll.'.sifien,. III the mlljorily \"01iugclll.<sifi~'I" (figure 3.6), 
,III eveu uUlllh,'r~ of ,wighh""rs t~lld",! to haw higher ;;t',,,iliviry and 1"""" specIficity 
than odd Itlll"ber~ of Ilcighbollr~. The re'~'l"11 for Ihis is thut whell \"Ole ,,,,1,,es SIUn 
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to zero je<]ll:<1 numbf'r of suspi ~iolls ... nd uorm:<1 npighhour,) t.he default d", ,,ifi~Htioll 
is slLSpiciotis. Sincc ,'ole \TI] Ues can only SII I1I to ~ero "'hen t h,'rp is all ("ve" "U1"i"" 
lwighl"»lr~ . C1a.'lsifying ... higlwr portion of imH g'" il.'< "I,pi"i",," wi ll rai~~ sensit ivity 
"l1d lower .;pu,ifi~ity, The dl'cn i" pru110Ulj<'L~J wilh lower Ilumber~ of 
Ileighhollrs.dllct.othef"" l, l,h"t with l,~,'ol<""thercwill oc" higherchallceofthp 
vaIUl'Owta.lillgzew. 
T here i, ,imilHf fiuLluatiou ill ~he I-'rior weighted VOtes . HOWCVPf in this """e, t he 
~piko:", arc f"nher apart, with a "low ris" ill ""usit i"ity followed by a shilrp drop Ilml 
a slow drop ill ,prt'ificity followed by a , harp risoc. With prior w(" i ghtill ~, vOle" for 
su"pi~iou" ar~ worth more thall votes for 1l0lmai. 00 if one neighbour is suspi cioll". 
LlwH il l ak,,,; "'wmlll"nnaIH"ighl ~mrs t" Hi)! ell<' , 'h",ih"Htj"" [',wk 1" HOl'lnal. Fur 
example. iu the "liAS full sd. nonnal "Otes a r", won.h _I and ","'pici",," vot." are 
worth 2.16 . It th~refor", ta ke.;; th,,,,,, l\orn,~l vot.,,, to O\""I")1>ier ouc s,," picio\l~ vote 
So, ifo]J(\ two, or thn:.) ncighoouls are L>eing used, it on l ytak,-"oll" vo1-C ()f ~ll"piciollS 
t,od><.'<sifv th,' i" ,ag,'"-' ",spi r i""s. Fnnr , fiW, nr "ix 
kRst, two sll.'pirioll.' ncighhours for a sllcpi~iollo <-b,,<><ifi~alio", and so on 
did Hot 1m"" !m,dL of~" 
Oll the accura.cy of th~ cla"ifi~ls T he gmphs wil.h distann' w"ightillg do , however. 
ILli\'~ llllld l leso jju~tuatio" ,iu~c cH~h , ulu'",iyc Ildghoour is worth lp,," t.halL the 
IJ.to<::"use of t hi s. ead. sue<:essi , c neighbour has lps.'l of II ehallc", o[ dlanging ,\ 
dHssijj<:ation assignNi hy t hc pr('('~d ing n~i~hl~)lJr" . 
Bayesian class ifier 
t~'St<~1 at II. time_ cll!..",ifi~ation sbonld take much lelis thall olle >;<.'<:olld on the ('()IIIputpr 
S/JtlIp dffiCril,.,.-l in f"'('t ion '2 .1. In~ .... '''~illg thp ~i~.., of th .. t.raill illg set would IIOt h,,,·c 
a "igllifkallt imp,,,-t Oll thetillle w t",t a si llgle iluage 
and tlun all image-,; cla.ssified 118 nortual an> 1I0rtJlaJ 1()(f/o 'p""ifici ty IIWi\JIS butb t lwt 
are snspiriolls. So. in our 100% ""Ilsitivit)' da.,<,ifiers, al l the imagE'S c1!!.SSifiNi I!..< 
"ormal am fl<'t.ually normal. In om l ()(f,{ ' Il<'<'ificit y d"""ifi<'n!. ~I l illlag • .,; das.sified 
IlhbllSpicio"s are ,,,,tual ly su.>picimlh. 
Olle oftbe ,illvallt;;gL'" "ft be nai ve Bayesiall d=ifier is tlo"t t.hp d"t f'<'lioll 1. hrpsb-
old call be e,.;;ily tUIlL~1 tu suit tbe n~ .. '<ls of the individ ual \l~in g ThE' program. For 
exalllple. a rwli"logi S! llIay u';(' the program to double d,,~,k a Slllilll IIU1J1lHcr of ilU-
imj>Ort ,mt and .. low' _""" siti>'it )' "'ould be «Cr<:p1.abl,,_ Co" ""!',.;,,,ly. ",ith hOI" " further 
tcstilll'.. the prognull could I,,) " sol,,,, a pr<)';E;rE~'nillg btep. ",herd)}, sollie portioll of 
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the imilgcs"'ith a "{'ry high pTOoobilityofb,.'ing normal ",mid not n~,,-~l to he l'evi .. " .... '(1 
by a)"nuau at all. III tiliseaflC, a high (-lOifAilsellsiti\'ity ,,'Ould 1".'I"~l,,"ary. ami 
fealliredw;.,ifier, fore~a",ple, thisconld mln~e Ihe ra<iiologl>!:i work load by more 
thauhalf. 
With lOO7( sl'nsitivity, for DDS)'I MLO wid, ~ thr .... featnrc dassifil'r, th.'re is 
64_3%SlX'<'ificity. Thi, mean, th{l.1. 173 nOl'malilllag"'<<':m 0" ,,,fely T<.'u,o\,(,<:j from 
the set. III " set <xmsi,ting of 269 normal ill,ages alld 70 sll~piciollS i",,,ges, like 
00511111]1.0, if om' wer<~ to ehoos" a single inmge at randoln. there ,,'Ou)d hI' a I ill 
L26chanC<'ofpickingaliormal. Choosing nm imRg'" nt nllldolH,there "'ould bea 
I in 1.59 challccofSf'lecting t,,'O normal itnagt'S_ ClIo",,,i,,,, ]73 images at nUHlom 
thcre ,,'Ould be a I in 6.70. 1O~~ chalice of sdect i".!'. alllJormal imag'''. SinCl' all 
p()$ilolctombinatioll,ofthl'l'Cfeat\lr.",WNete>of.-.:li"lheciassitier.therewer,-.106GO 
ci ... '<Siti .. rs""tE~1. ,,',' could say that the fe~ture;;et Il&~l in th('naiw Bay,,,iallcillssifier 
i s6,3 .I (fI'timeslwtlerthanarandotngu,~ 
An odd result 101llld in the data w, .. the dasoitkatioll of fhe (Taniocl!.U(\;,1 \'leW of 
inu,g" ",nuher 336 in the 005~1 dMa set. This image has a '''''y obvious irreglilar 
tmes thatw<.>rk w,>llonoth,~, ""\"', it ".,."oousisteutly a.-;signffl" "",ylow prohability 
of l)('ing .""picio\l~_ In [,..,1, for da.<;.~ifiers that d"''lSify otiler im"l>l'S well. Ihis image 
of\.('tl 1",,1 th,> lo",,,,j, prohllbility ofhcing suspicious ofauy iu,ages _ This is prohahl) 
due to there o.:iug no images in thefrainingS<'t fhat d(t;('lyr,)SCmIMtilisotle, Ma-
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chine learn ing requ ires th~t I.her<' he Iminin)'; d ill" ~ilJlilar to ally It'St im!<g~ us.<i . If 
lher~ are 1J0 ~ill1ilar ilJla!;~" . t hen the classifier "i ll nol h p a hle 10 a",:u!'at.ely classify 
with that fou nd for the ~ ! LOima)';,,, 
The ~IlAS full . ~IlAS red llced. and DDS)..! \ILO a..ll u"ed 11 bins iu tl",ir naive 
",".1,0 work h('\.1.rr wit.!, more h in" sine" it coutains the 1ll0t>t ima)!;e", \lore illlages 
T he leave oue out fl'OSS vali ,h1.ioll u,<,..([ "it.h the naive [hy",ia n da.<sifi...,. annally 
h"s a slight, hias again," ~orr('O, d assifin, tion built ill . l'oillg: t hp ~ llAS full 5d ,'" all 
C HAJ'T£ft 4. DISCUSSION 88 
example, thereflre!)5s11spi<:ioIL~ imagl'l;a"d 3OOimagl'l; tOlal. Til<'priorprohahility 
of an image being s\L~piciou.s for the eutire sct is 31.7%. Wlteu te.ting an image. it 
is ,,>mo,'('(1 from d,e traiuing SN. This ",em,s that wheu tC!;tiug a suspicious image, 
Ihetraining set has9-l suspidoll~ ilUagl'S and 299 i",,,ges total. This brings the prior 
probahilily of the image being ~usp icious down 10 31.4%. When te;ting a norm,,1 
iumge from thes"lIIcOl'I. the prior p,obllbilily of llw i,"age beingsll spicioll>;gOCSllp 
to 31.8%. So. whe" «",ting a ~us pi,.ious image. t)ll'r,. is l' sl ightly hig)"" elm"",' of il 
being tlaS>ifil"(1 as norrrmi than when les! ing It norrnal image. 
4.4 Overall 
The ~HAS ".,t wilS tl'St('(1 wilh the classifiers before Ihe DDS~ ! i ", ~gl"s \\Wl'iutr<>-
dn"....L The algorithms "we adjusted for ~lIAS to get the m<;o<t a<;<;nra<;y p,"";sible. 
The oot T('8ult was I, ,;ensili,-i!y of 100% and It bl,,-'Cificity of 19.0% u~iug the nai\"e 
Bay..".ia" da.o;,;ifier. \\"hen the DDS~1 ~1LO S('t was introducoo, using Ih" exact SRlIIC 
algor ithm, th" .... w,"" a sui;.,'an\.ially higher flttU'wy rllte . 1'1", 1"",1 "",,,It I",d a 
scnsitivit yofI00"A,alld l\SJII-cifieilyof64 .3%. lIavingmoT<'dalawilh which to traill 
can ltnprove Ihe aCCllrllC\" of a da. ... ~ifier, hut the DDS)'1 ""1 Wi,", only shghtly largl1" 
!hall II ,, · 'f1,\S. so Ihal ]>l'o)M),lv<!iol ,,,,I hRW R.,igui ti'·Rllt illlp,,,'I. 1\'10,(110 '1'1"""" 
~i hilily "lIS that the DDS~ ! imagH; l\we joN; subt le than thp )'f1AS image,.. This 
,,'Ould bediflil'Ult to !"m." quanliliwly, SillCC lIfiAS oloe" 1101 gra<letltesllbt letyof 
abnormalit ies in illmge>;. !llId even if il did. the sllbtll1y ;W;iglll~l by olle r;"liologist 
",ay not I)<~ id,,"tical to that assigllcd byauother. Quali tat ively. I ,,,.,,nOl """ a .~ ig" 
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uificuill diff~'Icll<'c bctw'-""Il !'.f1AS aud DDS,\f imag"" , Th ... third ]""" ibility was thai 
Ihe mlillher of calcili,.atiolls I!l the !'.IIA5 >*1, OUllluulbt-r t hOIS<' inlh ... DDS~f "'-'I. Out 
SlIspicio1l8 im!\ges in tlw DDS"f ".-t , only s<'w'n of them were due to ca lcific!\tiolH; 
R(,lllo\"ing ,ulimag<'ScoHta illiugcHkifi<'Hlioll' froln tlw "!lAS ""t 1",,1 little eff<'Ct O!l 
Finally, in I.h,' ~lIAS s('\. 60 of tl", 95 ~u,picioIl8 image; "W<' l"'''ign. when,,~" 
iu the DDS~I oN ouly 5 of the 70 slispiciou, imagl'S were bl'lligu, Furthel'lllon:. all 
fiw of t h""" b<>nign finding were cOlll r,ual.erai to a malignant imag<'. Rcmo\"ing all 
II", b,,,,i)';l1 images [rolll t he ~lIAS sel "!tuwed a sign ificant. gain ill a"cumey, Tl lis 
gai u ""uld be due to two d ifferent efh:t s, Firs! ()f all. h,willg bt-!Lign il " "'':'''' in 
the training ".,t Illay blur Ihe diffNellcc bctw, ... 1l Horlll M aud MlSpidous d""""". If 
Ihere i8 a differ('nc(' l",twf'<'11 the f<.a!nrc n'(;Wrs of bt-nign a",1 lIlaligllalit im"g<.,;, 
thell thi, prublem becoliles three d"",ificat.iolls rather thall 1,,'0. Thi, would "'quire 
lIlore traiuillg imagL-,; 10 adue\'e ~ proper ,·la,-,ificaTioll. SillC .. the d,>t,~·tio" of l)('nign 
images only leads to UIlIlL"'",-""",,)' 1~\8tilJg: and str<'Ss [or the palie,,1. w(' a,..-.il<)t.1.<>r off 
not d'>t<ding them allyway. The second cont ributi ng [""WI' W the increased • ..-.emae}" 
i ~ tIl<' ch""R" in rar.i" of suspicious to Ilom"..! il1lilges . Th~ ~11AS fnll set had a 2.t6,] 
normM 1{) snspi~i01 L" ralio, whe,."", DDS"I ~ILO h",-t a rat io of :\ ,84;1. Thc mor(' 
the distribution is sk~\,,~1 toward nor!llal or ",1>;picioIl8, 1.h,> higher tIll' probability of 
correct ly clASSi fyi ng ,,1\ imag(':< , For ex",n pl, .. in a >!<-1 of 10 imago;, if "" kllow One of 
!hcmisSllspiciollS.lhcreis"]O"'{challceofguc,,illgtl'f'corrf'<"t ch",ifil'atioll of 1111 
normal ima!,;,>:! than ~\l,pidou;; and" classlficr with a high owrall acrmlU'Y {'<mId 
missal! suspicious images in asct a,; accnrlU'Y is pnsh .... l \owa,.<\ sp<'<'ifi~ily and away 
from ""'I"iti"ily. There is no way 10 'kfine what an accepl ahl~ lewl of Sl',,,ilivily 
is for a gin'n ~I".'dfidly. ChO()Sillg the classifiers with tll<' high",1 "("'.<itivit~' in,t 
discn.>.,,-~ I in .«'Clion 4.3.llu: ideal111ix ofsen"itivity am\sJ"·.:ificilyde",,nd largdyoll 
howth('s).,,1('11I would 1>e u,;ol. 
Unlf'S.' Oll~ da."8ifi,·,. has both higher sellsiti"il), amI sp<-..,ificity than anol her . it 
i,; illlJ><:»sible (0 ShY which is better. &..,a"S(· of this. ",. ~a"'lOt say tl",t "ither 
the KN;.\ Or uai\"<" Dayesiau dassifi"rs was I",",'r Ihan tl,., OII",r. QURlilRliwly, t he 
fa\urable dmfadcristics. As di.'!<:u,,-'jI'(! in <;('Clion 1.5.2 iI, is an "1'g,'r I,'arm·r. Thi.~ 
tlleallS that it has R mOfe dli("ienl op"ralional pha~. Since all that "l'('<1.. to I", 
tak~n frolll the training ph ........ are IWI) hi,lngrams l)I'f f"lItHee. storage f('q\lil'('lllent~ 
arc low. S iuce ,,11 that is ",~~hl to cl"''i/;ify all i"'"g(' is II ~j",ple l'<llIlItion (l'<luatiOll 
CU.\I'n;n 4. Dls(' l!sS IO:-i 
1.lE» using th(' hiSlogram dl\la. oomplltation..:l rl'<jl1irelllcut., IirC low, 
uci!',hlxour d"",ificI un the other hand re<.[uires lil€ f€atUT~ val"..,; alJ(l cb""ificatiollO 
tll1('W illl ag€ the n r('(jllin.., roTlipari><)11 to ('\wy i"'f<ge in t he t m;uing bet )wfo re V01.CS 
"lore im1"lfIamly, is Ihe fj<'Xibility oflhe naive Ihye;ian dassifier. Th"lhr",hold 
of what to oonsid~r normal and what. to ml~,ider "u'piciuu, Call be changed without 
ha\-ing to 1"(>train th~ cla,,<ifi('r. This allows the .... Iediull of how l1Iuch t'llJpha.,is to 
place Oil Sl.'llsit i\·ity and how milch 10 pl","~ on s)lffificity. Using this, sen,iti"i(i"," of 
rulywhere 1"'1,''''''" 0--100'i'( l"all be attaiued with dle s)~ifieil,.' · appropriately iUl'!'ea>-
iug ur dl'(;re&>i ug. A " adju,t",ble K\"\" cl!W'ificr could I,,· de\eluped by changin,!!; Ihe 
weightiui\ as"iglll~J tu sllopicioll8 mid lIon11al n('ighhour mtes. A" "'-'C!J for tl1(' prior 
w\justed classifier though. this produC<..'S >;OJJl,. odd beh",vior in Ihe da.ssilier ,kpellding 
Them ""<'II! """,ral featmes that wffc co,,"is(ellrly \tSHl by III<' b",;t performing 
df\S.~ifi~r" . Of the thr...-..-fea tllfe da.ssifiers for bot h "aive [}~}'<'l;ian and k-ncare"t ""igh-
bour, for ~l'Ch of lh~ dat", ""I, (ei~ht classilier" t.otal), tberp was a lot "f """rlap ill 
J:\ oceur in six !"lassi!icrs. Allmllg the 24 features u8<:<l in th""" "ight top da&ifiers, 
for different da(a 8i't~ and diff~rcnl da.,>~ifi~alion algoritlllll" i",heat,,,, rltat the high 
CUAI'TER 4 . DISCUSSION 
tOfl!udOlllch"uC<' 
Three ,!, ,,,,ters of the high p<'rfon";llg d".'is;fkr~ ~()"'<' from nlliOll~ 0' ''>' \.wo, or 
11m"(liJ:lln·2_!I) illlh,·tra".,f",.,,,_ Of II ....... , 21 f""1itt'<'S. f"'I1'''''''' 
"t.anda,.ddc\'iat iOll, tCII were ,kewness. and fottr were kttrtu;is 
Chapter 5 
Conclusions 
1'1", obje'"tivl'S of t his project were all met . Whole imag!' da,sifkat ioll wa., dfediveiy 
classifiers 
TI", lL ... ,,,f a discrete cosine tralL~f()rlll to separate nor",,,[ fwm call<;<'rollS brea:;( 
tis»ue W"",, Ie>;u·d. It w,,,, ["uud that 1h,> discrete cos;n", frall,f"rtll ctln ind,~~1 be 
""",I for this purJXll5('_ Parti t ioning the tra!l~rorr" ill ""uan' sect iolls ~..,"tred on tI", 
origin with increasing th ick",,",, for region~ ["nh", from the origin waS t<'S(('(L ~ l ea", 
st andard deviat ion . skewll""", ,md kur\.Ol>i" ,w re ca lcu lMM from th<'S<> l'cgi<)ns to 
produ(;c" f~a t ur~ set. It, was fonIld thHt th~,,' '''', ;mk'<-od differell ~"" in t he,;!' rea tn r,," 
whell comparing a normal illlagctoacaJ1Cf'WnS olle. K-ucarest neighbour and ml.;"c 
d"""ifitlltions 
The methods dewloped inlhis projl'Ct. ooulrl he u,ol bdure. or a[(<:>f " radiologists 
CHAI'TEH 5 , CO:-;CLUStO:-;S 
reading. With 100";" ""'!lsiti" it.y. it, oo"ld 1><) "",-~I as a prcscreening tool. At a digital 
mammography d inie, imag'lS oo" ld be a. __ ~l by the computer instantly, and results 
li ke 'no (,b'lOmwlilies IIfl'~Cflt', or 'rr.qu''''$ /mti<e,· n't1ew' provid'~l to the Ix,ticnt. 
The radiologbt would then lu\\'e fewer imag'lS to re,ul, a",1 be able to dedical.<) more 
ti",etotheollt'!!withhigherchancu;ofcanC('r . \\'ithl~t halll OO";\i""'nsit iv ir)"it 
CQuldbcuS('(IIOdoublcd,<xktherarliolo,,;ist'sresult8. Similar lO a donhlc rf'ading, the 
radiologist would fini1 rcad the images without kno"~ng the olllcollJeofthe cl"""ifier 
soMtonotbcbiMC<1. Thf'll\ lwciIl.5siti,'rwouldbellppliedtoalllhcilllagesoriginalh' 
dll.'!Sifi('(1 "" " or",al b),lhersdiologisl. Theon"'!wilh thehighcst proh~hilityofheillg 
su'picio"s would Ihe" be lIlarkL~1 for further co"'iew, III bothofthe;c e~, the 
rad iologistsp'~nds !llorctillleallalyziHgsn,piciolls imagffland ksstilJleon Ihe ir nag'lS 
wilha higll problobilily of being nOflllal. 
The higll ""'!lsi ti vil}, alt aill!~1 "sillg the Del' generaled feMlIco' ",.'t m",,,,,; Ihat olle 
of the dll.'!Sifi,'rs dc\'cloV'-~1 ill t his projcc( CQuld be Hwl ill ",-'Ti.,,; "'illl mloN mm!,,,!er 
aid"d d"I<",lioll method,>; (0 illCTellS<' ""erall ~""llfacl'. Usi"g a cla&.ifier wirh H"ar 
100% sensitiv ity, such lIS d Ie olle dewlof>l.-~I ill thi~ project, before applyi,,!; a second 
dassifier COHld only t>oosl the acnlracy of t hM dru;.<ifif'l'. At 100% ~'II,iti\·ity. no 
sus pi ciou~ image>; arc lo;t, while some (6-1% in the c""'-' of naive Bayesian of DOS1\1 
1\ILO) of the normal image" cau be relll"'·L~!. This giws th" >CeO"d da.ssifi.'r II. ~malkr 
group of imag'lS that are mOre likely (() be sll,>;picio,~~ 
it would not be IlO.';Sible toaccuratdy pr('(liCl "'h ichfeat urt'!!wil l perform a gi""" 
cla.ssifica(ioll (lISk wen and whkh will 1101. When dndopiu!; " HI'W f~8"l r(' >cr, rhe 
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swnegy is uS\lally t.o mak,'a hH>othcsis as to which "'illlwn""t lI.tturate, and rh " " 
t""ting that hypothesis, S,seral of Ill<) fe"tures ill the featur" ,;ct d","clol' •. ~l in this 
All the ~~\hOifiers u" ... d feature v<,<:tor" of IlO 1ll00e than llm'C f"Rl n,.,,,;, o..."pite 
t.ho smRll featnre \u:tor size, the n",ult s ""1'''''' still quile aL"t;llwte. U~ing ~llch a b",all 
IlUlnl...,T of f('at.urt", ,,,,"ur~,1 that over training would not be an issue. How,)wr, I...,fofe 
using such a sy,wm in a dinieal ~tting. fuft heT tesling on larger data S<'(.~ will be 
5.1 Future directions 
The prepr""",,""'r algorit hm conld be Tltodifie<l to gCllerate anto",av,t f,~~lb"ck ,II< to 
wh"tll('r or not it w,~" ",K'cessful. While m,mually re\'icwing all t h" ima .. ,<-'!; is a 'llli~k 
proce:;s.itdOffl","'U",·h,\tdcfeatthepUfPOleofa"autoHlatedSYl;t"Ill.1llaclinical 
,;cUillg the I'wproce.."<iOr would either nC<.~1 to work on all im"!,;,,,, of give fC<.'(\I~.ck as 
to wh"th"r or not is wns"mx."l"Sllful. UnSII"('essfnlly preprooes'led imago:.. would nf<'<l 
to be ~Ia.,,<ifi~d R .. s,,"picio,,~ SO that th~y "'onld be rcviea'<'d by a Inn"'''1 
It has hu.u d"Hl()llHtrat~~! ooth il l this t jJ(",iH ami clsewh",..' [581 t hat cpnliocand"l 
imag, .. nr""!,,nl, ifnot bctterthnnm(~liol"1.er"lohliquefordet{l("tillgcm,('('r~. In ca. .. ", 
where both ",,>diolat .. ,al oblique and crall i""a",l"j image,; are a,"ailahl(', combining 
the d,.,.,;ificatiow; of both ,"iew~ could !J.oo"t accur~ .. '·. If olle ,"iew ;8 dAAsificd as 
snspicious and the OdlN lIon"a!. then that IJreasl wonld wanaul further attention 
from a ,adioIOjl;ist, This would iUCfCase sellsiti"ity, ,~, images a ' ith almormalities 
that arc not visi!;l" in OIL" vie'" could l;e properly d:,,,,ifll~!. Spl'dflcity would also 
iucre&e. "iILCC thn",hold" could he lowcn~l for individ""l vicw" where det~'Ctioll in 
onlyonc view would he 1l<'C<,ssary 
While data is not currently a\'ililable, it would l>e intere.;t ing to lIS(' tlw OCT 
featllre; to track the changcs ill a j}j,tieut's maIHmogrmli over tillie. Havingab!lSeline 
featun~ "'<;tor"\'lIilsblefors" individual would en"blethe .... ""tion of a d"",,sifi"r that 
could d"tl)Ct, the en'crgencc of a lie'" cancer. While mam"\ogranL~ ,,['<) cXjl<)Ct,~1 to 
ehange gmdually with ag" or with ,lightly diff"rent positioning in a mammo~ram 
CXSIU. a large depart lire from !lpreviously .... 'OJrde<:1 featllre\'('Ctor would lik clyhc 
eaHl,ed by " C""CCfOUl< pn,IC{":tj 
As long ,'" owr training is carcfully a\·oidcd. adding mOT!) features to the feature 
>"('('tor can increase the oceuracy of fI dll>oOifier. B,I' performing an additional kamre 
reduct ion ,tep. mauy of the 41 features u",-~I could prooobly l>e el i mi n"r.l~L With a 
smaller feature ..ct. it would l,,-~;ome j)()O;.,ihle to test ~'Ombillation~ of rllot'(' fe"ture,; 
Appendix A 
K-Nearest Neighbour Results 
Neighbo urs : dJClllu"berofneighho"", IL .... "! 
fl , r2 , rJ : th"featnfcllUlllLot,rsnsedin ad ... '<S,fier 
sen~ : ~"siti\'itr 
spec: specifkllY 
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Table A .3: DDS~1 ~ILO lIoll-w~igh(e<llloll-prior 
Keighbours fl ~IlS 'I){'(: II n ,..,us 8»e<: II " fJ sens "per 113 48.6 82.5 5 657.1 8<4 5 (; 33 61.4 87 
213 657 72.1 5 
" W 78.1 5 17 30 82.9 78.8 313 37100 2438 57.100.7 5 (; 37 6U 87A 
113 :;43836 5 6 ilA 83.6 5 15 2:175.784 
,,540 889 5 655.7 8KI 5 6 :17 .'is .b 8(;.2 
613 51.382,5 1340 64.3855 5 637 i2.9 S:1.3 
75 J7.1 lS9 ,6 5 6 ::>5.7 888 623 25 6lA "><'1 
8 " 44.3 89.2 5 (; 62.9 873 623 25 68.6 86.2 923 34.3 93.7 5 6 f,U 89.2 5 15 3(j 57.1 93.3 
10 13 45.7 84.8 1621 .~7. 1 89.2 J:\ 19 37 64.3 881 
1113 371 881 13 36 48.688.5 2425 3752.9 89.2 
I:.! 13 50 848 1337 57.186.2 5 628 62.9 lSlD 
1313 :IS.7 88,S 132250 00 1335 3752.9 ,'Nob 
1413 51.4 91.6 133660 877 5 13 37 61A 86.6 
IS 13 38.684.8 J:j 36 47.188lS 5 13 3652.9 89.9 
Hi 13 55.78-1 1320 58.688,1 1322 3558.6 00.3 
17 13 38.685.9 J:j :i-~ .~1.1 ~l.J 5 13 36 54.3 89.2 
18 13 52.984 13 :16 5 Ll n .1 J:l If. 3(j 58.6 88.1 
19 13 40 87 1335 51.1 9Ll 2125 3754.3 91.4 
20 13 54.385.5 1:1 36 5·1.387.7 1322 3558.6 89.2 
213(j 38.6 90.7 13 35 51.1 9U 13 If. 3G 54.3 881 
22 1350 84.8 1337 58.6 85.9 1322 35 58.6 88.5 
23 36 37.190.7 133550 9Ll 1322 35 5 13 90 
2413 52.985.9 13 36 52.988.1 1322 35 57,1 892 
2::> 13 48.688.5 1335 48.691.8 ·1 13 1651.4 888 
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~ '" ~ "" " " J;(2 ;g;g!2i:(2~ 
Table A .S: l)llS~1 CC distance weightLu Iloll-prior 
Neighbours fl sens ,,,., II " so:,," slX-"" II " fJ seilS slJ<.": 1 32 562 84.2 32 39 57.5 84.9 2.126 4160.3 88.8 
'13'1 562 84.2 32 39 57.5 81.9 2126 4 1 603 88.8 
33'1 53.4 87.1 4 18 54.8 87,4 1920 24 575 87.1 
.1 32 52.1 88.5 4 26 54.8 87.4 2425 2(j 589 89.2 
5 :1'1 ;''1. 1 89.2 3237 5J.t 00.6 62,1 :12 616 896 
632 52. 1 88.8 6 " 534 88.5 :N 25 W 58.9 8118 732 52.1 8!1.!1 3237 534 91 24 3 1 3558.9 &i 
832 50.7 89.2 :tl ~17 ,.1)7 00 6 2431 3558.9 87.] 
932 49.3 89.2 32 J7 52.} 89.!! 2,1 26 3E> 57.5 86.3 
1032 49.3 89.2 3237 52.} 89.6 1624 31589 88.5 
11 32 ·\9.3 90.3 3237 52.1 00.6 1<1 2.1 31575 863 
1232 011 .7 8~.~ 3237 534 90.3 24 3 1 35 (i./).;I 
'" 1332 49.3 89.9 32 ~17 53.! 003 l(j 2,] 2·] 57.5 i!lj7 
].] 32 ;;0.7 00.3 24 31 ,.07 86.7 '1.] 3 1 3157.5 86.:1 
]E> 32 493 00.7 3237 5n 7 9(1.(; 2 1 2Z> 2E> 57.5 87.1 
l(j 32 493 003 2237 52.1 00.3 , 4 ]e. 589 8-1.} 
17 n 47990.3 182 1 53 . .] 88.'1 192.\ 25562 88.1 
1832 49390.3 22 37 52.1003 3 0\ ]e. 589 8-1.2 
19 ;12 49.3903 22 37 52.188.8 152.1 3 1 575 83.8 
20 ;12 50.789.9 Z2 37 53 . .! 89.9 62.1 3[, 589 86 
21 :12 4f1.388.8 182·] 50.788.5 2·] 31 :18,.6286 
2232 50.789.2 Z2 37 50.790.6 3 4 15 ;,g.9 838 
2332 50.788.8 1821 49.390.3 3 4 15 [,7.[, 849 
2.! 32 50.789.9 Z2 37 49.389.6 3 4 15 "'9 83.t 
2532 50.789.6 1522 50.789.9 152.] :11 56.2 85.3 
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